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[m&mi] m%mzmi&i<n. 3.-z>tmmmzM$) 

mii5=fctfgS2©Bittjf <h. 

WffiSISl*J:^JB2C!)«ttJiC»U'rl&»Snfctt« 
T, — 1 *J:r«B2 ©BttJi©|KIS»if U 

mt&fS 1 ©mttJf «. WCI»IR3-f ffl»:»|RjT* 

MIBi$Bl3-r;P©-8Btt, S!ifef& 1 ©lttl©12 ©gB 
^©fiiJ^tCiHS $ HTl>5 C <h £T SSISHSf^ 

[»*«2] ntfmm^Mt, ims$ 2 
[«*®3] me» 2 ra*ft-e»jtt-r 

COffii»»Il:»«sn. 3-^gB 

[§»**4] mmm^jiti, wiem 1 ©mttji© 
f&2<D&ft<DMJ3&mmv. Wfasg 2 ©rafts 
LTmmmzmm-zntzmKDffiftt, mess 2 ©raft 

[»jfc*5 3 ffilE»»t3-f;Hi, iiufBSg 1 ©6SftS© 
» 2 U *HBm©BttSS<*»'&»;: 

UT«!ittK:#|g£nfc8fl IWKSg2©raft 

s©jsffisp4j-B©fi!i*siiiab, mm% 2 omtiLm** 
•bizLTi&mmzmmznrc& 2 ©gB#<h £#-r-s n t 

[BM£K6] iWffiSg2©raftS©3— ^g&#S©fB^ 

*>t&nrz&wizmm-ztiT^2> z. t. 
mtTzm&m 3 & v» l 5 ov»-rft*»icia*s©aw8»a 

h/vf h££j£U flft££g2®SBttS#U£fth7??fB 

[M&£8] Mf;. itiiEfgi©rafts©sg2©g&#© 

ffiiJ^KESStlfclSffiin-OP©— gBSrB^, WEES* 

v y zfMMnmwmfcz nTd&m.m*tiixrz z.t&<& 
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nt$9t i ami, 8©v»ma»fcffi«cDiMB«siA»/ k. 
i o ] tires i ©rafts », mzm 2 © ->- 

ffij&mi 1] ramwt::»ies£n. jaoE&i£#t;:*f 
10 j e-n^ti^<tfe loci^eift 

S SB 1 2 ©raft St. 

MESS 1 i5cttff§ 2 ©raftSKtt L Tiffin £tlfc#Ji 

t?, — »**mia» 1 * j:tfts 2 ©rafts©H£Sjrr-5 

T. 

jftESfS 1 OBttl^MtSlIi, 

mess 1 ©rafts©±c:. mee®^* y -fM&mm* 

Slit. 

i»EE»**y:/B©±K:. «n2»2©«ttjBs»j«-r 
20 siit. 

mess 1 *it^*2 <o«ttJuc»bTtt»sn«:tt* 
-e. — ffl*»ffiet6ii5«fctf«2 0«tt»©w&aau 

-gBttSffflfSiiS 1 ©gB#£. 1 ©gBttlciitt-S 

B«esg2©ettjfflj©ffitc&i^£*u «««#*»j«-r 

5S&2©gB#£:£J&Jj£U 

ffAtmeiB 1 ©rafts©?is 2 c»»©«*i:Bisn5 
«fc 3 cMa-f ;w*^-rs c <h 

[M12] ite»K3-f^*»*r*xai4, it 

12^ 2 ©raftBSr^fctc I/T*Mi:iBSnfc«»* 

s *r 3 -f ;u * «BE-r -5 n <h t r * tt^s 1 

1 3 ] WIB^ 2 OBttiSMtSIilt 
l2Ml©mtt«©m2©gK^©fiiJ^$:jiiib. Hata^2 

<Dm&m&*>c?\z\sTi&mmzmm-gtircm 1 ©gg^j- 

t, i5rfB^2©ettB©JK@gB»«©(|iJ*^il^b. ffi 
IBJg 2 ©KttJBS* it" C LTJIte^tC#I5l$nrc^ 2 © 

50 M15] ite»R3'fji'S»i«t5ifitt. m 
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Emi©fi&teJf©?£2©gB#©<BI;£*iIi&U WSeimi 

mm 2 <Dm&mz*Mz UT«J6«K#ias nit* 2 © 

&ft£*Mf$.-TZ>Z\ii$:&W.£TZ>m-$V&\ 3E*£©tS 

[ffijzmie] mtz , m2<»mte.m$:MftTz>TM\*. 

<m©s$s*. nmmss.'w vmmmmzttftTzmfr 
zmnfzt<Lm\zmw?2>z\i:$:<$WL£?2>m&mi 3& 10 

m*m 1 7 ] Hijfe?g 1 ©fiateB *jgfijcT5igte. 

l©fi8te«*J£fi£U 

riE-r4cts»»i:-raiii*3Bi 6©^rn 
W*«18] iwEisi ©««■■©» 2 ©««■ 20 

s-&trnt*»*fr*Bi*3Si 7 ©urn 

NMHI 1 9 ] fcSHSSWS^i, E®«E^ir*f 

i^r*fi!i©-ai5^wiB®staei* ; p*t*^jfc*i6irs«fc 
as 1 *5ct^2©->-;u K»t*»rt"r*ia*^toc 

©»KB»>\ y K ©«»#«!. 30 

im&m 2 0 ] m e« 1 ©bsi4/i a. wemi 2 © ->- 
1 9wfnfr\zmme>mmmn.^y h*©saig#te. 

[0 0 0 1 ] 

«st««* : ?**rrsj*K««'sy K*j:tf-t©«jt2r 

[0 0 0 2] 

[«£&©&«] ifi*F. A-Fx-f X*gB©ffiE*«flE 40 

B3He»SH t *#r*E»'Sy K£tt*WWfl©««fi 
ta (JETF. MR (Magneto-resistive) fc&ET. ) M 
fStt4S4^7 K£*tt»Ufc«ifi©B£S!»BB 

[0 0 0 3] tI5T. Eft'vy K©ttflB©3 5, £B 
#E^T*©±Tfc#i*an&T«B«*$J:tf±8HB«© 50 
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I7^7U >^/ffi-C©*g^^c5 i7 a :7 s ^ □ > 

5^f#$D« in*aj*r*fc»&K*»*jpxft**« 
fijfflsnx^s. 

[0 0 0 4] HI', 01 4&l^L01 7*#fi8LT. 

*tt«a^y K©«jfi*tt©-«irov»T«wr<5. & 
33. 01 4^b@l 7H*5V^T. (a) (iXT^TU 
>iHSKSBfc«B**U (b) ttttffttft-©x7"< 
7 U >^®l:¥fT&»r®** 
[0 0 0 5] C©tta*ft"Ctt. *r @UI3L<fc 
J:5K. «jltf7^yj? (A 1 iOs • T i C) «fc0 
&-SSS1 0 l©±{;i. m*.l*T)l>z.j- (A 1 2O3) cfc 

o&**6HkiBi 02*. *<j5~ 1 0 umm&com^m 
its. *£, bbbi 0 2©±n. mmtm&o&z 

KfflWTSBv'— ;U h*i 1 0 3 *«i£T5. 
[0 0 0 6] ifcl;:, TSBv'— JH* B 1 0 3 <D±.iZ» 
tt7)US.i-$: 1 0 0~2 0 0 nmWjp^.tClT.A-y^ittfil 
U *fe»HtUT©TB5v- ^K*t77l8l 0 4 *J£ 
fi£T£. T^-JV^^^y^mi 0 4©±lC. 

mtkmoMRmT- 1 05*. sc+nm©j?^fc^r 

5. TSB->-;UH^^-y7 P Ml 0 4©Jt^, MR 

ifios »cm«WK»«sn*-»©««ji 106* 

[0 0 0 7] TSf>'-JH ; *r7^Ii0 4* < l; 
t^MR$f 1 0 5©±IC, *e#BtUT©±gP->-;l^K 
^f^HOTSMU MR^10 5*y-;H« 
ft"^il 0 4, 1 0 7 INSISTS., 

[0 0 0 8] ±g&->— ;p y ©_h 

icffl^e>n£±gB->-^Fjf*nF8MB&jf («t. tsb 

Slliffit. ) 10 8*. «5 3 Mm©iP*^^-r 
•5. 

[0 0 0 9] ^tr, 01 5tC^Lfc«k-5tr. TgBffiB-ffiJS 

1 0 8©±t. mmm. M^ay^stiioa^Ei 

^t7/H09S0. 2 umC>m&lzm0ZTZ>. X. 

tz. m&mfSiotztbiz. ffig^t^^n 0 9*g&##j 

l;x->f>^LT, ^>^^ h^-;n 0 9 a*^figr 

mm®ft\zisvz>%zm*vy7'm 1 0 9©± 

Jr. ES^2/ Kffl©mi4**£f e fc0fc5±gBl8ffi^-;/y 1 
10*. 0. 5~1. 0 /zm©J?*.lr^r-5o d©t 
€T. I^^flw. mg§^fiS;©fe*©n>^57 h3f:-JH 0 9 
a©±tr, BSS^©fc*©Btt«!|EfA^^Sei4B 1 
1 9 *J£J5Sr-£>o 

[0 0 10] ^CJC. 01 6H^Lfci^lC, igBBS^ 1 
7^1 1 0*TXi7<i:LT. 'f^->5U>ytcJ;oT. 

tHi^ty^ii o 9 trmmmm 1 o 8*x- y ^>i/ 

rs- 016 (b) tC^Lfccfcat. ±gBBffig6» (± 
SBeS^v^l 10). ES^fv^Sl 0 9*5«ttXT 

t&mmm 1 o 8©-ge©&(»jg^aiUxies^icjg 
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jsanfc«jfitt. hUA (Trim) mmtmtnz. 

[0 0 11] tiBC, WAtfT'^S^-Bt.kOa:* 

v>mmmi 1 ±«f7 7'i i o&kzfM&m 
C0012] x\z, w-mtztitzmmmi i i©±tr. 

«AHMB (Cu) J:i)fc4.8i*a!©E»'\y KJB©jBl 
IB©ii3-f;H 1 2 *K1, itll 1 

l*i«3-f JH 1 2©±fc, 7* hl/yXhil 1 3 

mi 1 3©3HB*^fiK-r*&»cBf3g©iaflET?jife«ia 

T5. y*h\»i?x hMl 1 3©_hlC. 12fg 

s i i 3i5itX3-r;n i 4jl(c. 7* h uztx hm 1 

[0 0 13]^:, 0 1 7 tC^Lfc«fc^tC, _kg&G8ffi?- 
7^110. 7*M/^M113, 1 1 5£>£ZfiM 

ami i 9©±fr, cs'xy Fmvmmm. mak/* 

±S1111 1 6©±(c, ^J^.a7;P = ^-«kD7S:-55j— 
A'-n-hjf l l 7£^fijcT&., x^-i-y©^ 
MjtJDISrfroT, 12®^^ K*5«fctfW:£"^y K«X7^ 
7'J>^ffill8 5MLT. »BW8&'\y KfliSSritr 

[0 0 14] 01 7t'i5t,iT, THU XO-hM h- 
MR-Hti. MRA-fh^gLT^I.. teii, 

fl-LT*f[6rr-5gB#©> X7^7iJ>yffi(ffl09M^ 
5**«©SB«*T?©ft$ (JBS) Sfc, MRA 

-f hitt, MR^©XT^T'J>^®fiiJ©«gB*^K 
*r{9J©5fggE£-e©ft£ (ift£) £fc> 0171:: 

*3^r, P2wit mmt%, ?tet>*>wimh?y?m& 

T. XD-h/W S^MRA-f hfCDllC, 0 1 7 C*5 
HT0T^L;fc s fc'5&x-f ^77X7>^ (Apex Ang 
le) rt^S. COI-f'(7i'X7>^Hi 

xMii3, i i 5-cmt>nrihmz&io±tfr>rczi 

l§fifJ©#Jffi©ftgBSr^4>*i6IStif6^ 1 1 1 ©X®£© 
[0 0 15] 

MH, MRA-f hMR-H, I-f^7^X7>^fl 
[0 0 16] ifi$Mi, *i5*fl[gB»*"IIBfr* 
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ZtclblZ, h77fHP2WI:ttl. OfimKWT" 
S^n>Tf&^g*£nT^3,, ■?-©7tai)(C#«#:J!)DX 

[0 0 17] ^CT. Pn1@t75:-5©«, x-f^-y^xgB 

[0 0 18] i'5T, ±«BIi6»*n*fttU 
TI4, WAH HMf 7-2 6 2 5 1 9^il;*3n 

-r-^<y^x^©jin±^e<jtc, vn-fiofc 

5»<r>«I^S:, tSJpUfX/'W^'J >^(r«toT^-T 
•5. ^-©JitC7* H"7X H$tf U 7*HJ 

V^^XgtCJcD/t^-X^LT. S?)rD#©feJ6 
©71/-A (fl-#) ^^fiKT-So fl,T, fcKJBfcbfc 

[0019] x-r^-y^g&tffiwgfcfrt-e 

20 tt, t*J;Uf7~l 0 wmet±©iSfiM^*-5><, £©x-f" 
^•y^XgeJitC, 7* hUi^X b£3~4 /zm©Jp*Tr 
^#f-5o X-f ^■v^XgBi©^^- h\s~J7s hcnmmtf 
Ifi3(imK±^St^5ttSt, oitiittrofe^T'* 

©T77Ttt, WAIf8~ 1 0 /tmK±Of *©7t hi/ 

[0 0 2 0] ±m<D <fc o \ZD-ZfS. ? o >^tte©fB& h 7 
•y?<g£ll3IT£lCtt, 7* hl/^XhBltCioTIJ-T* 
5 7 a >^-j£©1s©7 V— 2±rt5> — >i§:Mfct2>&m-ffi 
30 &-2>„ fi£oT. X-f^<y:7XgB±T, 8~10Mm£Ui 
Ol*OW7tH'-7XHl: < toT. *757D> 
^-ffi©^iffli^/\'^->5^J5£L^:^n^^^Vi <> 

Z.<D£?t3.m-^WkW<D-7* hl/-7X >£ 

[0021] b^fc, 7* hj Wjy-i <Dmytm\z, 
[0022] ^©iptr. &mt. mmQBW7's.?n 

[0 0 2 3] CWi^Sui:*^, ±j$©S£3|5^J©0 1 
575:tiL01 7 0IgT%SLfci^l:, KS'N^ K© 

mh^viroMmzmw^&mm^-yyi 1 oicto 

T, 1. 0/zm£AT©h7^^ipS$r^U^. C©± 

mmmi 1 6*»ijrr5*st)SfflSftTHi (^mbs 

50 6 2 - 2 4 5 5 0 9 ^$g, ^MBS 6 0- 1 0 4 0 9^ 
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S^^^l 1 0<ha-^g&#£:fc5±gBfi£®Jf 1 16t 

f^yiios. 12©** ^yjf 1 o 9<D±<DW-mum 
[0024] ba»u&a*e>, z\<D^oummm%^.y K 

[0 0 2 5] (1) Sf, 01 7K^Lfce£3fc<Z>*8IBiJB 
KCDh7>y^f@^a^$nSfcJ6. XgBSMSB 1 1 6 

«, ±^mm^y^i i os<i:fc«^iaiiij!iDx-r-5^s 

liflkJB. %HZ0. 5 umlHT\zU^T<Z>£. XSBSSffi 
Ml 1 6H*3^Tfe-y-^5^D>itBOj!n]X«S*^*$ 

mfi£<Z53fi3K«kO, ±8B«BffiJf 1 1 6*^iffl{r0j5E 
T-SdfctfHJrcfcofc. ±gBfiB&Jf 1 1 6tt, 

n<Dm*±.mtm9-y7 1 1 otcttLTgs^WKi&irr 

S&B* 1 * -5 ±fflBre?7l 1 OiOfcE 

a>*im&'\? KTtt, JifflBMl 1 6 «±ggfiSS^ 

*«fft>n. «aw**K:*tLT. Etw^siMtR 

*2Ji^»3Jifc»j«Ufc«*K. =W Jteij|£JME? 
[0 0 2 6] (2) «*©B$BAy ±g& 

BW'yyi i ooxt^tu >yn i 8*^avifij 
u c©±»Mf»yi i oonAtmE 7* 

tfT»*Sn4. S5*jt&&^m£B#£tt-5 
Xn-h/Wh^-t6D, X7^7'J>^I1 1 

©ra©A*5>^f^w**ffi*i^ixTi^c. 

h5>yi7*itL.T. 0. 5~0. 6 um^gftt*!:. 

>trmi i sAntm, 

[ 0 0 2 7 ] ±ffi ( 1 ) , ( 2 ) ONIA^e, 
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[0 0 2 8] (3) S£*©i8B£B^«;/ KTtt. 

BSSft (Yoke Length) £&*«Bjn?**fc 
fr>5IQHAtf«-3fc. Tftfc>%> If> 
«<»:, IMOlt^y K«*9ir« #fc 

Bi$fi£&<^5C<h£tttf£*l*ftBE<i:fcoT 
10 t,>fc. BS&gfct, lI©a-fM0ii2iO3<^ 

n Adt fc ftti* * S & X-f t y * X mi)Wf$. S 

ifcfc, •€-©±C2gB©n'f;i/S:^jsK-r-5*t. -t 
»(Str, x-f^*xffl©tt#«rctt, n-f ;(,©->- b* 
B©X>y5 L >^tT€?-r, 3^;W->a-ht5fcft, 
20 2ll©3-f ;Wi¥««K#J«-r* &B#* * . 

[0 0 2 9] tot, 0J*.«, n-f )]/<D&& ! £ 2 ~ 3 M 
m£U 3-f ;Pra*6iBi^©iP*-&2 jtmtU X-f^y 
^X7>^M4 5' ~5 5' tT^xi:. BSSgiLT 

4-5 Aim©5g«S©2f& (±gBB&g£Tg|5B®Jf <h© 
n>^^ hgB^e»n<;n^>isgs-ecos^it>4~5 Mm 
i&B. ) ©8~ 1 0 ymMg-e^s. ^CDa-f;HrM 
^-r-5gB»^(Dg$*n B8&S©IS/jN£«itf5BB<t: 
30 ftoT^fc. 

[0 0 3 0] d^T, #J;Ui\ =K ;PCD*«««1. 0m 
m. X*U. 0wm©l li3^J^2ITM 

lilSet, 2BBS:5#t-rSi:, B8§Sro^*,, 
HS©3'fJH 1 2iZttfc-r2>&ft<D&2\Zl 1 

2CD^i®i3«fcO:rt^«fc0> lII©3-fJH12$ 
*6ig:-r^fci6<0 7* KUv'T. Ml 1 3 WiggBiT©^ 
HftLT, ^-ti-8~l 0 MmWft^&BK&S. ^ 
40 *5. *UiSTti. B8SS£\ 01 7tC*3t^T^LoT 

hgi5^^l^l^cg|5«-©fia-C*-r. Z\<D£o\Z. fi£5fe 

[0 0 3 1] cu5T, 01 7lr^Lfcf5Kmm^-y K 

^Jx.fi*H1#l i lF^5. 7 0 3, 7 4 0§. ^MBS4 
8-5 5 7 1 8-^^. #BIBa6 0 - 1 1 3 3 1 0^ 
ffi, <&mSB6 3-2 0 1 9 0 8^^IC«, n-f JP^r, 

so mmm^'p-L-izvxmMVi (^5tt«) c*iaufcw 
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[0 0 3 2] VfrVtZifiZ. C«J;5trn-f 

[0 0 3 3] *»«tt*^»«MHj*»c«*Ta:anfc%) 
cot, ^CDIWIl Bt*9a&XA*?©h?y*ff© 

J:tf*©Wt#i£*fflttT-5££fc*S. 
[0 0 3 4] 

-en-tn*a:<tt>io©ji*»6a:*«i*«tiK 
f§2©SSttJf£, *i*J:tf*2©«tt:Bic»UTil&Hk 

t5!2 ©»#•£: S^U WRa-f^O-aMi, JRl© 

jKttH©m2©as^cofiij^ffiesnT^«fc©-es 
[0035] *^sjcD»^a^-y wmmjjmi*. m 

-tn-€ f n^S:< tt> lO<75S*^^:*mi*5«t^2C0 
ittlt. fgi&£tflil2©mf4gt;;»UTM«*£tifc 
ttJBT. ^#«i*iJ:Z8B2©«ttJi©ra£Sii-r.5 

T, *1 ©«»»*#*■*■* IS £. «l©«ttJi©± 

©-he &2(Dm&mzB!$.-rz>xm£. mi&xim 

^2<Dfi8ttg©ra*aiab, .B.r>4>ft< ,»:*>— #©18 

sat. wia-fAo- g5ic*#ifirr*m©gB#<i:, n 

tSIltt, »»3-f;K0-»3&»JBl©«ttJBOjB2O 
©Tfe-5. 

[0 0 3 6] 3|c«ao]ijRBAA. y H*fctt-t©«iKF 
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fgi©mt£jf«, *K:i-oi>©— a»;r#fti-r 

SSglWgBfrt, fgl©gB#{;::fctt3$g2©E&teJfffi© 

U *Bt3-f;i/©-ffltt. !Hi©B&ttJf©!g2©g&#© 

ffi©±JC^fi£-r-5C<h#nJ«g£&9, -€-©18*. Efc's 
10 7K©h7 y f«i©ffi/hd«BlffilC^S. 

[0 0 3 7] *56fl©»IllA7 KifctttOD 

[0038] *&. *&mv>Bmmn.'\y ps^im-© 

d©«£, »«3-f*tt, Hll©BttJf©m2©g&#© 
ttfr&ili&U ^2©»teJf£*^;:LT«lgttK#0 
20 Snft*10«»t. S2©fflEttB©mffiSS»g©ffl!|* 
SHiSU SB2©«ttH£«N>fcbT*i6ttK#l3£tt 
;fcS62©g1$#<h£#UT^T ; fe<fc^„ §1^3 
-OWi, SBl©«ttli©JS2©a«!*©fli:*r*H»U Sf§ 
1 ©fiSttll & K b TiWfc#K:#l3 $ tlfclg 1 ©SB# 
t, i 2 OBtloeiffi^lOft^^HL, ffS2© 

f l/TV>Tt>ilrS. ?£2©eteJl©3-i7g|$#Jf 

30 [0 0 3 9] Sfc, *B9!©*IHBX'Sy Ftsfctt-t© 
W&jErftTtt, *l©Bf£JB©£2©ffig-dt>in-hA 
-f »2©«ttJBj&«e*h7v*«££jrr 

[0040] *ft9!©MHBft'\y K*fctt-t© 

StiS^feTte. Sgl©BftM©m2©gB#©fi!|;£ 
KEItS n&*Rn -r ;i/©-g&£ffi^ Eft?* y 711 
«©iS*«¥Sft:*nfc»»«*«itT"bJ:ir». 

[0 0 4 1] *%9J©BKSBA'\y K *&«•€■© 

40 -r swo-Wj&naafiSi*^** A.T?»iair * «t a ice 

Sg2©->-;WKB££rlSttTfc«fc^. H©«d, SB1© 
[0 0 4 2] 

[S!W©**g©^@.] £TF, *5BK©^»©»SBfc-3^ 

[»1©**©»IB] Hl*^LH7&#«ab 
T. *56W©*1 ©Htt©»l8lC«sj»KaS[^y h**3 

±r«-©«ito&feK"3ir»TM9i-ra. HiJtt^b 

50 @6{Ct5l^T. (a) I4Z7^7U >^®tciiil^:»fffl 
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(b) \$mm$Lft<DX.T'<7i) >{fffi\z¥ftU 

[0043] *m&<DBmz&zmmmf5.^-y wmm 

•yy- (Ah03-Ti0 £0t£2>&mi<D±\Z. MX. 
HT)lS.i- (Al 2 03) J:9&5*&BUi2£. m5um 

<Dmz--?mm?z. x\z* mmm2<D±\z. m\tun. 

Jf 3£, ^3tfm<OJ?*.lC^-rS. TSBv— JUFIf 3 

mizk-oT. iii2«)±i:MWi:M1-5. 
^j^«y;i/S^-«ko*sitei&^2 o£, 

4~6 nm<DmWZ&l$.L. mtfCMP (ft;#$tiWf 
m) ICctoT, Tg6->-;PKS3^@ttiT-5>*TW^L 

[0 0 4 4] -AiZ, m2izmVtcJ^oiZ. TS5->-JUK 

&Zrty?mmV, LT©Tg5v-;P h*=F* » 

±{C, BtlCMRif |S+nm©J¥*(C0fi£-r 20 
-5. MRif 5 li, flIAWf. X/ly^C.toTMbfc 

m r m &miRm \z x ^ > y-r 5 C £ 1C «t o t^-t 

•5. MRif 5 ICli, AMR$f, GMR$-f, 

w^ttTMR ( h >*)vm%&.m))%d m^mnmm. 

-5. Ta8->-;PH*vy7 r K4<D±fc, MRSf 

JP*k#j*T*. #ir, TgB->-;H i ^-v^y^4i5«t 

iCMRtf 5©±i:, l»iil/TCO±«J/-JH<^t 
>y^ffi[7SrJgJ5Eb. MR$f 5^y-^H^t7^1 30 
4, 7rtKlIR-r*. 

[0 0 4 5] ^c. ±«s^— ;h***3»^K7cd±k:, 

lr»6n*±«->-;UKIi*T««*Ji (BIT. tsbsb® 
StiS-r. ) ©SI 1 ©SB# 8 a «1. 0~2. 0w 

mojp^-T, a»iWfc:»j«T*. T&mmmomi ©g& 

[0 0 4 6] ^ir, #J*.tf 7^5 :>-<}; Oft-Siie 

i!9£> ii$3~4 um<DmMzmrfL-r2>. *C, MA 
tfCMPCiot, TSBmSJl ©Sf§l©g&#8 aAmta 40 

•5. 

[0 0 4 7] Jfcfc, H3Cji«LfcJ:5K:. TgBGBffiB© 
fgl©gB#8 a©±fr, T8N8«fi®£2<7)ffi£-8b*l 
=fctfffl3 ©gB#8 c £\ & 1 . 5~2. 5Mm©JP*-lC 

?g2©gB#8 btt. T&mmme>mm&ft& 
»j«u f&i<D&ft8 a<D±&mmmmomiz&tfi2n 

*. SB 3 ©g&# 8 c li. |gl©gB#8 a£±gBE8«JI<h 
?I$2©gB#8 b©I7^7'J >^S53 0 £ttg*t« (0 50 
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l=43fr>T;&M) ©aSSB©&flfct. 7D-h;w 
i/®3 ot«s»ifflco^g5©fi:e-e*-5xo-hA'f h 

[0 0 4 8] TS&iSSJf ©SI2©HB#8 biij;tf8l3© 
SB#8 c li, N i F e (N i : 8 011%, F e : 2 0 
11%) ii5tafn®^-fi«^T$)^N i Fe (N 
i : 4 5«fi%, F e : 5 5fifi%) 3?£fflt,>, 

S$fg#!|EfTfe5 F e N, F e Z r N^©«!(Ef$-ffl 
Xrtyjrm* -f *>5 'J >y»l:i?THRttl:z 

Cfc, B®aiSfSWT?fe5CoFe, Co»7t 

[0 0 4 9] JfcK, WAtf7;l'5tJ: 0^-5*6 

^10Sr, mo. 3~0. 6 um©^tC^-r-5. 

[0050] -a\z. mmvte^fr. mmm 1 o©±ic, 

-All v 
[0 0 5 1]*C. 7U- A 1 1 ^ffl^T, 

o#ffiic«koT, MAtfS (Cu) «t0^5»l3^;i, 
C^ll^l 2 a£> {fiRtf^l. 0~2. 0 Mm© 

mfrizmtiL-rz. mm^-i )v<nmim%i>tt\ 2 aia, t 

gBffi&@Jl©!g2©gG#8 b©®J7jtrgEB£ns. 
i$ffil:3-OU©!ill/fgB£-l 2 a«, m3 (a) icisttS 

[0 0 5 2] ^1C. 04{r^Lfc<t5(C, 7U-A11 
i^WTW^-h'B^^Sbit^ ^lc, WA«7;P 
S.1-<i:K>teZ>1i&mm 1 3 3 ~4 «m©Jl*.tC^fiE 

©85^8 b<h^3©si5^8 c^isai-r-ssT, *6iit«i 
3SfffiLt, &m&¥-tB<tmm.-rz>. c^t, S4t 

Iin-f^lM»l 2 aliSfflLTV^^ 
miSSBii-l 2 at>mm-rz>£5lzLT*>£i,K 
[0 0 5 3] ^lc, E5{r*bfc«J;-5lr. T^JKSB© 
Sf§2©gB#8 bi:^3©g6^8 c, *3«tr/«SJ&« 1 3 <0 

±\z. mm$m£K>t3i2>&m**vzfm 1 4^. wx« 

0. 2-0. 3Mm©ff*-lC^fiS;TS. iegk^^^-7*» 
1 4{r{£ffl-r^.$6i^«i^ < hLT«. -*WK. 

>mmmm. y^^^y^^^^^-^y (dl 

[0 0 5 4] fiS8S0fiE©fciftt^ TSi6KSS©m 

3©H5»8 c©±lC*5^T. te&^^-y^Sl 4$-gp^ 

[0 0 5 5] ^1C. IB&^V^y'Bl 4©±(C. 
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MM 1 55r, mx.\tm2. 0~3. O /nm©JP^K^j5E 
T*. ±gNBffiJi 15IJ, N i F e (N i : 8 OMt 
%, Fe : 2 011%) AffiftB$f&fttm-?&& 
N i F e (N i : 4 5 fifiX. F e : 5 5 ^£ 

t^U i§5g&ft®J£&S*W-e&3F eN, FeZrN? 

V». ^©tefcfc. !B5«aft«3K«flE*f»1?»SCoFe. 
Co5jS7**777#**fll>TtiJ:k S&, iSJllfc 

4#tt©5fcs©;fc«>. ±gBm®n i 5 UMi^oifijRK 

[0 0 5 6] ±31111 5^7X^i:bT. H 

Ben, c i zmnmm&xx-p. cf 4 , sf 6 
^© y v m^7,m<Dij7, &m wcKfoa-i * >x v 5 1 

>^ (RIE) iUffll^ns. *tC> ^JxJfTJUrfW 
^->5U>ytrckoT, TSBfiiffi/f ©I2©^8 b£ 

®S?e<Jir^0. 3~0. 6 (imgSX7f>yLT, 0 
5 (b) (C*L;tJ;-5;ft MJAfgjfiir-rSo £©b'JA 

C0057] mz. ±mz, mz.\XT )v~±&.K)ts.z>m 

BWk\6&. mo. 3~0. 9 iLm<Dm?>-\ZBj8r$-2>. 
[0 0 5 8] &\Z. m^Vfc^tf. f^-fiKO^H 

»11 3*JtabT»K3-f;P©»iai«R»l 2 ate 

[0059] -tgpmsji 1 5 ©-hlrteB"^^ 

(Cu) «kDitt*»gt3-f ;KZ>m 2JIS$#1 2 b£, 0(1 

7L.vs.m\. o~2. o um<Dm?)-izMf$,'rz>. mmn-i 

^©Sg2JfgB#l 2 bfi, @5 (a) (CiJtt -SjSgBallit 
©i?JStr3-f;UDSil2JfgB;frl 2 bCDS-ia^ttgBft-Kistt 

vym i m$m 1 2 a©SEfttt^^*3{t-5M^gBc« 

[0 0 6 0] S6tc*LfeJ:3tc. #J>L 

0~4 0 MmWjp^MCJgf&U ^©S®£¥fi{fcLT. 

iz. x^-r ?<DmmimT.&n-DT. mm^y papism 
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[0 0 6 1] 9$ 1 ©SK# 8 a , fg 2 

©g&#8 bi5j;U;ff§3©gK#-8 c <fcDft-5T»ffi/f 

fc, T«->— Jl/HJi 3 tt, *%Wfc*3W*^ 1 ©->— ;u 
s*toTt»a©Tr, *3B9!C*f?sJB 2 ©->-;i/ KB 

10 [0 0 6 2] H7I4, *^©J*ttCtll«*IHBS'"ty 
b'©¥®0-e&-5„ eoBTIJ, A— 3— h 

it<tT5fcfeKTS5SMIB©!g2©S&#8 b*ix-y^> 

[0 0 6 3] H7tr^LfcJ;-5tC, ±3!lII15lt 
B»*tv^Il 4£;ft-LTTg&ffi&&B©SS2©gB#8 

btw^[6i-r*&etriBBsnfce«g5»i 5 At, 
3-fMiiiMi 2 airM(S]-r^ffi^{cseB$n-5) 
20 izmzmmmft 1 5 Ataiissn&a-^aHa- 1 5 b t 

*tlt^5. St^SB#l 5A£3-^g&#l 5B<t© 
^SE©fi:Btt, XD-hA-f KifD&BTHO 
f©i5§©fiil:S:oTl>5. mSSS^l 5Att$*^— 
je©«S#UTV»*. il©&@g&#l 5 A©Bs&tfl5»'S 
H©h^^^ifg^«^TS. 
[0 0 6 4] ^fc. 0 7tC*3^T. «F^12tt. f If 
S6»12ai, ?fS2JigB#l 2 b<h, en5,^lStl. 
a^ggl 2 c tfc^tHMta-Ol^aUT^*. 
;H 2©mi^gi5^1 2 at^2i»l 2bil » 
30 Hffil 2 cS^UT$?2^*»KaM§SftT^S. Ctt 
tr<fcD, »«3-f;n 2tt, ±SBm«iBi 5©3-i7gg 

[0065] tA±ia^bfcj;-5tc. *mm<»mm\z%z> 

aSHJWHP) t*«*T(r>-5. Kit MRSf 

•Cjttiai-rSi^JCffifiSn, MR^f 5^y-Jl/Kf5 

mm) fc*wuTv»a. 

40 [0 0 6 6] Cft^\y Ktt. ^WlCjl^Stl, fioie 
lt5©»jft»63a:STfflKBMiJi (8a~8c) *J«tt5±gB 

siii5i:, z\n*>\ztti,Tmm2nfzVim-T?. —at 

±3mS«l 5Sr+^fCLTK51SE«ttC#|pI$tlfc^n 

[0 0 6 7] **Jfi©»ttTtt. TSUmSBtt, WHS 
■f;U©*l 2at»iaiT5JSl08»8 at. 

50 £©g51©g&#8 alC*3lt?>±gBmSBl 5fiiJ©MlcSl 
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iia-f;n2oiii^i2ait T&mmmowi 

2©g&#8 b©{SI^lCiSfiSnT^S. 

C0068] *nmo&mz£ti\t. ?3igt=K;n 2 
±.mmmm 1 5 &*Mzi,TWMmz%iB\i,rz<D 

in 5\z&x.%z\£&-cgz. ^-<Dfcse>, ftata-ou 

# £ & £ 4> & < -r -5 £ <fc an? # 5 „ 

[0 0 6 93 Mic. *^S6»0S8-eH. »«a-nn 2 

©m i n nas, T&mmmvm 1 ©g&# 8 a © 

±T&oTSg2©gB#8 bWfid^lCffigU, 

12©S1 JIgBtt 1 2 a £ffi?*g|§:II 1 3 <D±.m&¥-m. 

^-©fc«K »gta-f;H 2©Ili^l 2ati2i 

[0 0 7 0] JEK. **ft©#«KJ:ntf. X-fCy* 
^aS*^ffiU^^WT?. XD-hA-fhfDfifTHO 

[0071] rnsoct^ft, ***©»S8t:J;n 

«, #J*.tf«£#K:it'*T3 0-5 0%&CFm&\Z, «SS 
S0D«g/h*ipItgt^:5. Mlc, ftgCWI'l 2T5g£L 

»««E«tt-^. »h7>^-/3»7h (Non-line 
ar Transition Shift ; KT. NLTS ifET. ) 

[0 0 7 2] g=fc, *Sfe»o»*lcJ:n«, iia-f;v 

12©I1 m&ft 12a*, TSBSJ® B©3§ 1 ©gf5# 8 
a®±T&9Tft2a>tt&8b0>M2rfc:ESU 
-f;H 2©|gljfg&#l 2 a£ffi?*ftftBl 3©±®£ 

g&fiBSJf 1 5 «¥Sfcffi©±K»J5M"* 

5^n>Tf»lcfe«aK»*BIflBtftt), Eft's? K0 
Sn52 0~3 0^f^h/ H>f) 2 ©ffifS®25 
[0 0 7 3] Sfc. #*ft©#ttTtt. Eft's y K© h 

ftjrr*©TH:£<, TanB«Bo»2oaj»8 b*«^ 
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[0074] *n*fi©«s8Ttt. -F&mmmom 

2©gB#8 bWffl^EfB^ftfcSI^-fjH 2 ©^l 
ftffi^ 1 2 a Sl7lfiitl 1 3 SKtt, £©«&i&B 1 3 
©±®£¥ifl{tb*:©T. *©ftC»J5fiSft*e»5f^ 
7 7"il4, ±gBfiBSJ115. ftBla-OH 2©ft2ft 
«»i 2 bft«!>ftA«fiiFftlcft«. 

[0 0 7 5] *HJfi©^agT*tt, TSKeS«t, 

»«3-f;H 2CD»lJi«»l 2a©BK:» ft < .1/3+ 
^«fiftWffi*t»&*aSSS«l*^«fcDJa:-5»ftgei 01fi 
10 iStt€,n^©T, TftftftfttWRiJ-OH 2©miH 
Mftl 2 a£©WK*#&»ftWEE*»*£fc#T?# 
5. 

[0 0 7 6] *Xft<Dftft-?t£. S7lCSLfc,t 

±gBfi8SJl 1 5 te. Xn-h/HHfDftITH 
0 SfcfrC-Oi&ftO&BJ: 0 fcxr^T U >7*ffi 3 0 £ 
«*tf3tfm£U:©— £©««r# 

«J:0t)XT'^7 l J>^ffi3 0®J©gB#T«, 

20 n*. ^(Dfzsb. ±.&mmm 1 5 Miliar 7. 

a— h/\-f hfnfitTH 0 * /fcl£-€-©ifie!©GrM«i; 9 
fcXT^TU >7"® 3 0 £ttK#ft®«fl-Ttttt*l-8- 
■f. Xn- h/W h-fef PStTH 0 £/tte^-©ia«£©& 
SJ:0 fcX7^7'J >7*® 3 OfflOgBft-TgaSTr-S. £ 
nicj;0, NLTSf't-A-7'f h!$te£fr-k£-tr3 

[0077] tm2<Dmm<D&m] hs^uh 

10£#i8LT> *^©m2©SIJS©^li{C^^»^ 
ffiBSC'v-;/ K*5j;t/-?-©Sig7j&l'OUTiJiW-r'5. & 
30 i5, H8*3«fcDt0 9{cii^T, (a) ttXT'S/' U >7* 
®|-Silft:#r®£*U (b) liaffig!5^©XT^TU 
> 7*® lC¥fT&#r® £^ L T t „ 

[0078] *mm<r>mmz&z>mwm%'\v kis. & 
±^mm m & n l t«si ^ ir 2 s ic# 

lel^tlfefe©-??*^. *HSS©0filT'«. c©M3^ 
;W©^-5, ^<B!l©gK^S:mi©BB»<!:lHK F«5fliJ©85^ 
SJB2©«»tV»5. i&*5, ^n-f;p©mi©gp^,i: 

m 2 ©gi5»ii, ^-rnt. 0ijAtf^ic«fcoT^fiE$n 

■5. 

40 [0 0 7 9] *HiS©^lr^'5»KEam's>y K©8ig 
73feT«, «6&I10i&Mt5Ii^Tll |gl©SI 
i6S©^S8<i:^l?*^. S8lc*L^J:plc. *Hi6S© 
^ffiTIi, -5-©^. *6&PiO©±lc, yU-Atbig 
Sir«fcoT, ^n-r;u©mi©a5»©m 1^86^2 l 
a*. 0~2. 0 Mm©Jl^.lC^T«>. 

^K=i-<^©mi©g5»©mi®SB»2 1 ate. TSBffiB 
ffi^©^2©g6»8 b©fflJ73lcEe$n^.. 
3-fWIl ©g5»©miSS6^2 1 att, 08 (a) 
ir^W^«BDir3SMT^7jt6)iz5ff^ffiS5:©izgAtt^© 

50 g6^b^:-5„ 
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[0080] ±mz, m^i7)i^-f-^r)u^m 

ill 3£, ^J3~4 Mm<DJP^(r^fiK-r-5. M 
xlJCMPCiot, Tg&S8SJI©Sf§2©gB#8 b<h|g 
3©gB#8 c*««(Bt5iT. itll 
gBffSJRHM&Jl-rs. <ICT\ 0 8TH SBtn-OU 
©Sgl©gB#©?glJfg&#2 1 aiiStBL-TU^Vi*?, 

C0 0 8 1] Jfcfc/T8W«JI©S2©IS#8 b£SS3 

14£09xJ;fO. 2~0. 3 umcDmwzm&iT -5. & 
I*. TflH&SJl<D$3 0gB#8 c ©±{I jSV^T. GStf 
* '^11 4&ffiftmZ3Ly^>t/LT^>?Z h*- 

[0082] ^tr, isa^-v '>yii4 ©-htc. ±aw 

&JI©&&flff#£&j£-r3«Sffi£-JI 1 5 a £ 1 . 0~ 

3. o umom&izMi&Tztmz. T^mmm<D%i3 
©sk#8 c<D±.\zm^ntzuy^{7 v*—)V(D®m 

C, «ttI15b*l. 0~3. 0 umOmWZBifc? 

<»&mT'\t. ±&mum<Dmm&ftm i 5 a©is«, 
Tmmmm<D&2<Dmft8 b<D&2&>±.\z&i$.2nz>. 
[0 0 8 3] ±&mmm<Dmm&ftm i 5 a & i^mtt 

I15blt N i F e (N i : 8 0 2*%, Fe : 2 0 

mm%) iseasuK^^s^T^-sN i Fe (n 

i : 4 5fifi%, F e : 5 5fifi%) #£-fl§tK 
®SfSS^T$5FeN, FeZrN*Ot}M 

(Cfe, S^?Pa^S*Ji|efT*^CoFe, Com 

[0 0 8 4] ^IC. ±g&«ffig©fi8ffigfc8'Jf 1 5 a * V 

1 4$r^«S<)tCX-y5 1 >yb. «*tt7;H*>-f 
LO^CioT, TB&«8«6jS©®2©g&#8 b£ 
SJFJtfjCliftO. 3~0. 6umgSlyf>^H, M 
8 (b) K^LfcJ^&hUAtiittT-S., 
[0 0 8 5] 9&&i*rW7mi 4<D±.<tim )IM 

f&mmz, mz.iiT)is.-tJ:K)fcz>i&mm2 2*. m 

0. 3~0. 6 

[0 0 8 6] 7U-AJ6o^ffi(Cj;oT, 
-fJU©SS2©gB#©?fll Jfg£#2 3 a£. 09 1 . 

0~2. 0 um<Dm%-\ZWi&tZ>o Il3-fM!2© 

§&#©??§ i n 2 3aii ±Mwmm<DW&&»m 1 

5 a©ffi9#(ClES£tl.5„ nmu-i)l,<D&2<D& 
#©SI 1 JMB# 2 3 a fct, 0 8 (a) (CiStf S«E®{;:£ 

m.t^mzmn^m.WL(Dmn^<D^^ e>&-5. 

[0 0 8 7] ^{C, Wz.li7)l5.±£K)ti.Z>m 
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£ztm.te.m i5b ^sm-ts *s^b 2 4 l 

[0 0 8 8] ^tr. 09ir^Lfc«fcplC, ¥SftSttfc 
±g&fi8ffiB©fi.ffig&#g 1 5 afccfctXBSttJf 1 5 b £*S 
HUf 2 4 ©JitC, ±!EEa^©3-^gB»Sr^-r-53 
— ^BB#J1 1 5 c £\ 09*Jf£)2~4 (itnfflf*t:« 
-r^). ^(D3-^g|!»I15ctt, lttI15b^t 
T, T&Mmm<Df&3<D$m8 c £*»U 
10 ttl/THS. -hg&J6B@Ji©3-^gB#JI 1 5 c\t. Ni 
Fe (N i : 8 011%, Fe : 2 0fiS%) ifttS 
»B*«S««T*5N i F e (N i : 4 511%, F 
e : 5 511%) ^Srffl^. *o ^StC«toTHffS©A 

FeN, FeZrNfcWfifflK X/fy^flt. -f* 

mt^CoFe, Co^TWyX^^ffl^T 
20 5 £, #^*©l»BI£/*-^n^*©^Jlfc*ftJl 

[0 0 8 9] **ss©^T«, ±&mmm<D3-? ! ® 
3o» (Di%m\t. mmmm.^\y ^mmmmzm^it 

-So 

[0 0 9 0] ifeK, «*.tf7;i/3*J:Dfc*» 
&BI2 5£. if&O. 3~0. 9 um<Dm&lZM0fcrZ>. 

[0 0 9 1] JfcK, B*L&V>J&«, «B3-f;p©*2© 
30 SB#©?fS 1 HSfcft 2 3a ©&IBA&ffi3-fc::fel?SB4.ffi 
©±<B9©SB#K:43^T, MZ.lifcfo&-l*>X.y^>Cf 
+4*>SV>iftZ*r>T* *631:ffil2 5«J;tfi|&*J|2 

4^mmvxmm^^^(D^2<DB6)-<D^im^2 3 
[0092] wz. ±mmmm<o3-^^m 1 5c© 

-hfCfirgT2.«eaiK2 5©JitC, 7U-A«6-r.#fe(C<k 
oT, »Kn-1';l/©m2©gB»©^2B^2 3 bS. 
«Atf»l. 0~2. 0 #mfflS*l:»)Jti. 
-f;K0*2©«»O»2Bffl»2 3 btt, 19 (a) (C 

^<0*M3'f;K3!)J(S2OaB»CD!B2JBa5» 
2 3 b©#E3Att&4HCi5tt-5WagSBtt. ±te©3>^ 

^ h^-;nc»Hn^;i,©«i|sf^«$nT^fi£sns 

I»«^l/T, »JR3'f;K!!>»2 0iJ»Oj(SllB«4J- 

[0 0 9 3] ^frt, 09^tf7;U5^-«fcO«:2)*6 

a^S2 6$:, «AB5»6-v8tfin«)S*l:»]«l,. ^© 

[0 0 9 4] BjftL&^a*, II^^jUD^i© 

50 g5»©m 1 m&tt 2 1 a ©#Paftftgg^(C*5ttSM^S8 
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■ov<DX\o>to&<i>%\mm»2 1 aizm-rz^vu^ 

[0 0 9 5] fr\Z, %tM2 6©±tr, 71/- 
tetCfc^T, «&:3-f^<Dfgl<Z>S&#©S£2JIgB#2 1 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable the reduction of 
the track width of an induction type magnetic converting 
element and the reduction of a magnetic path length. 
SOLUTION: The thin-film magnetic head has a 
reproducing head and a recording head. The recording 
head has lower magnetic pole layers 8a to 8c and upper 
magnetic pole layers 1 5 including magnetic pole portions 
facing each other via magnetic gap layers 14 and thin- 
film coils 12a and 12b which partly pass therebetween 
and helically wound around the upper magnetic pole 
layers 15. The lower magnetic pole layers 8 have the 
first portion 8a arranged in the region inclusive of the 
region facing the first layer portion 1 2a of the thin-film 
coils 12a and 12b and the second portion 8b which is 
connected to the surface on the upper magnetic pole 
layer 1 5 side in the first portion 8a and forms the 
magnetic pole portion. The first layer portion 1 2a of the 
thin-film coils 12a and 12b is arranged alongside the 
second portion 8b. The first layer portion 12b of the 
thin-film coils is formed via an insulating film 16 on the upper magnetic pole layer 15. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the thin film magnetic head which is equipped with the following and characterized 
by arranging some aforementioned thin film coils in the side of the 2nd portion of the 1st 
magnetic layer of the above. The 1st and 2nd magnetic layers which consist of at least one layer 
including the magnetic pole portion which the part of the side which is connected magnetically 
and counters a record medium counters mutually through a record gap layer, respectively. It is 
the 1st portion to which it has the thin film coil which the part passed through between the 
above 1st and the 2nd magnetic layer, and was spirally wound focusing on one [ at least ] 
magnetic layer in the state where it insulated to the above 1 st and the 2nd magnetic layer, and 
the 1st magnetic layer of the above counters some aforementioned thin film coils. The 2nd 
portion which is connected to the field by the side of the magnetic layer of the above 2nd in the 
1 st portion of the above, and forms a magnetic pole portion. 

[Claim 2] The aforementioned thin film coil is the thin film magnetic head according to claim 1 
characterized by having the portion spirally wound focusing on the 2nd magnetic layer of the 
above. 

[Claim 3] The 2nd magnetic layer of the above is the thin film magnetic head according to claim 
1 characterized by having the magnetic pole partial layer which forms a magnetic pole portion, 
and the yoke partial layer which is connected to this magnetic pole partial layer, and forms a 
yoke portion. 

[Claim 4] The thin film magnetic head according to claim 3 characterized by providing the 
following. The aforementioned thin film coil is the 1st portion which passed through the side of 
the 2nd portion of the 1st magnetic layer of the above, and was spirally wound focusing on the 
2nd magnetic layer of the above. The 2nd portion which passed through the side of the magnetic 
pole partial layer of the 2nd magnetic layer of the above, and was spirally wound focusing on the 
2nd magnetic layer of the above. 

[Claim 5] The thin film magnetic head according to claim 3 characterized by providing the 
following. The aforementioned thin film coil is the 1st portion which passed through the side of 
the 2nd portion of the 1st magnetic layer of the above, and was spirally wound focusing on the 
1 st magnetic layer of the above. The 2nd portion which passed through the side of the magnetic 
pole partial layer of the 2nd magnetic layer of the above, and was spirally wound focusing on the 
2nd magnetic layer of the above. 

[Claim 6] The end face of the side which counters the record medium of the yoke partial layer of 
the 2nd magnetic layer of the above is the thin film magnetic head according to claim 3 to 5 
characterized by being arranged in the position distant from the field which counters the record 
medium of the thin film magnetic head. 

[Claim 7] The thin film magnetic head according to claim 1 to 6 characterized by for the 2nd 
portion of the 1st magnetic layer of the above specifying throat height, and the 2nd magnetic 
layer of the above specifying recording track width of face. 

[Claim 8] Furthermore, the thin film magnetic head according to claim 1 to 7 characterized by 
having the insulating layer to which some thin film coils arranged in the side of the 2nd portion of 
the 1 st magnetic layer of the above were covered, and flattening of the field by the side of the 
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aforementioned record gap layer was carried out. 

[Claim 9] Furthermore, the thin film magnetic head according to claim 1 to 8 characterized by 
having the 1 st for being arranged so that a magnetic resistance element and the part of the side 
which counters a record medium may counter on both sides of the aforementioned magnetic 
resistance element, and shielding the aforementioned magnetic resistance element, and the 2nd 
shield layer. 

[Claim 10] The 1st magnetic layer of the above is the thin film magnetic head according to claim 
1 to 9 characterized by serving as the shield layer of the above 2nd. 

[Claim 1 1] The 1st and 2nd magnetic layers which consist of at least one layer including the 
magnetic pole portion which the part of the side which is connected magnetically and counters a 
record medium counters mutually through a record gap layer, respectively. The thin film coil with 
which a part passes through between the above 1st and the 2nd magnetic layer in the state 
where it insulated to the above 1st and the 2nd magnetic layer. The process which is the 
manufacture method of the thin film magnetic head equipped with the above, and forms the 1st 
magnetic layer of the above, In the process which forms the aforementioned record gap layer on 
the 1st magnetic layer of the above, the process which forms the 2nd magnetic layer of the 
above on the aforementioned record gap layer, and the state where it insulated to the above 1 st 
and the 2nd magnetic layer So that a part may pass through between the above 1st and the 2nd 
magnetic layer and it may be spirally wound focusing on one [ at least ] magnetic layer The 
process which forms the 1st magnetic layer of the above including the process which forms the 
aforementioned thin film coil It connects with the field by the side of the magnetic layer of the 
above 2nd in the 1st portion which counters some aforementioned thin film coils, and the 1st 
portion of the above. The process which forms the 2nd portion which forms a magnetic pole 
portion, and forms the aforementioned thin film coil is characterized by forming a thin film coil so 
that some aforementioned thin film coils may be arranged in the side of the 2nd portion of the 
1 st magnetic layer of the above. 

[Claim 1 2] The process which forms the aforementioned thin film coil is the manufacture method 
of the thin film magnetic head according to claim 1 1 characterized by forming the thin film coil 
which has the portion spirally wound focusing on the 2nd magnetic layer of the above. 
[Claim 13] The process which forms the 2nd magnetic layer of the above is the manufacture 
method of the thin film magnetic head according to claim 1 1 characterized by forming the 
magnetic pole partial layer which forms a magnetic pole portion, and the yoke partial layer which 
is connected to this magnetic pole partial layer, and forms a yoke portion. 
[Claim 14] The 1st portion which the process which forms the aforementioned thin film coil 
passed through the side of the 2nd portion of the 1st magnetic layer of the above, and was 
spirally wound focusing on the 2nd magnetic layer of the above, The manufacture method of the 
thin film magnetic head according to claim 13 characterized by forming the 2nd portion which 
passed through the side of the magnetic pole partial layer of the 2nd magnetic layer of the 
above, and was spirally wound focusing on the 2nd magnetic layer of the above. 
[Claim 15] The 1st portion which the process which forms the aforementioned thin film coil 
passed through the side of the 2nd portion of the 1st magnetic layer of the above, and was 
spirally wound focusing on the 1st magnetic layer of the above, The manufacture method of the 
thin film magnetic head according to claim 13 characterized by forming the 2nd portion which 
passed through the side of the magnetic pole partial layer of the 2nd magnetic layer of the 
above, and was spirally wound focusing on the 2nd magnetic layer of the above. 
[Claim 16] The process which forms the 2nd magnetic layer of the above is the manufacture 
method of the thin film magnetic head according to claim 13 to 15 characterized by arranging the 
end face of the side which counters the record medium of the yoke partial layer of the 2nd 
magnetic layer of the above in the position distant from the field which counters the record 
medium of the thin film magnetic head. 

[Claim 17] The process which the process which forms the 1st magnetic layer of the above 
forms the 1 st magnetic layer so that the 2nd portion of the above may specify throat height, and 
forms the 2nd magnetic layer of the above is the manufacture method of the thin film magnetic 
head according to claim 1 1 to 16 characterized by forming the 2nd magnetic layer so that the 
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2nd magnetic layer of the above may specify recording track width of face. 
[Claim 18] Furthermore, the manufacture method of the thin film magnetic head according to 
claim 11 to 17 characterized by including the process which forms the insulating layer to which 
some thin film coils arranged in the side of the 2nd portion of the 1st magnetic layer of the 
above were covered, and flattening of the field by the side of the aforementioned record gap 
layer was carried out. 

[Claim 19] Furthermore, the manufacture method of the thin film magnetic head according to 
claim 1 1 to 1 8 characterized by including the process which forms the 1 st for being arranged so 
that a magnetic resistance element and the part of the side which counters a record medium 
may counter on both sides of the aforementioned magnetic resistance element, and shielding the 
aforementioned magnetic resistance element, and the 2nd shield layer. 
[Claim 20] The 1 st magnetic layer of the above is the manufacture method of the thin film 
magnetic head according to claim 1 1 to 19 characterized by serving as the shield layer of the 
above 2nd. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the thin film magnetic 
head which has an induction-type MAG sensing element at least, and its manufacture method. 
[0002] 

[Description of the Prior Art] In recent years, the improvement in a performance of the thin film 
magnetic head is called for with improvement in the field recording density of a hard disk drive 
unit. The compound-die thin film magnetic head of the structure which carried out the laminating 
of the reproducing head which reads as the thin film magnetic head with the recording head 
which has an induction-type MAG sensing element for writing, and has the magnetic-reluctance 
(it is hereafter described also as MR (Magneto-resistive).) element of business is used widely. 
[0003] By the way, in order to raise recording density among the performances of a recording 
head, it is necessary to raise the track density in a magnetic-recording medium. It is necessary 
to realize the recording head of the ** truck structure which narrowed width of face in the 
pneumatic bearing side of the lower magnetic pole formed in the upper and lower sides on both 
sides of the record gap layer, and an up magnetic pole from several microns to the submicron 
size, and for that, in order to attain this, semiconductor processing technology is used. 
[0004] Here, with reference to drawing 14 or drawing 1 7 , an example of the manufacture method 
of the compound-die thin film magnetic head is explained as an example of the manufacture 
method of the conventional thin film magnetic head. In addition, in drawing 14 or drawing 1 7 . (a) 
shows a cross section perpendicular to a pneumatic bearing side, and (b) shows the cross 
section parallel to the pneumatic bearing side of a magnetic pole portion. 

[0005] By this manufacture method, first, as shown in drawing 14 , the insulating layer 102 which 
consists of an alumina (aluminum 203) is deposited by the thickness of about about 5-10 
micrometers on the substrate 101 which consists of ARUTIKKU (aluminum 203, TiC). Next, the 
lower shield layer 103 for the reproducing heads which consists of a magnetic material is formed 
on an insulating layer 1 02. 

[0006] Next, on the lower shield layer 103, the spatter deposition of the alumina is carried out at 
the thickness of 100-200nm, and the lower shield gap film 104 as an insulating layer is formed. 
Next, the MR element 105 for reproduction is formed on the lower shield gap film 104 at the 
thickness of dozens of nm. Next, the electrode layer 106 of the couple electrically connected to 
the MR element 105 is formed on the lower shield gap film 104. 

[0007] Next, the up shield gap film 107 as an insulating layer is formed on the lower shield gap 
film 104 and the MR element 105, and the MR element 105 is laid underground in the shield gap 
film 104,107. 

[0008] Next, on the up shield gap film 107, it consists of a magnetic material and the lower [ an 
up shield layer-cum-] magnetic pole layer (it is hereafter described as a lower magnetic pole 
layer.) 108 used to the both sides of the reproducing head and a recording head is formed at the 
thickness of about 3 micrometers. 

[0009] Next, as shown in drawing 15 , the record gap layer 109 which consists of an insulator 
layer, for example, an alumina film, is formed on the lower magnetic pole layer 108 at the 
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thickness of 0.2 micrometers. Next, for magnetic-path formation, the record gap layer 109 is 
**********ed partially and contact hole 109a is formed. Next, the up magnetic pole chip 110 
which consists of a magnetic material for recording heads is formed on the record gap layer 109 
in a magnetic pole portion at the thickness of 0.5-1.0 micrometers. At this time, the magnetic 
layer 1 1 9 which consists of a magnetic material for magnetic-path formation is simultaneously 
formed on contact hole 109a for magnetic-path formation. 

[0010] Next, as shown in drawing 16 , the record gap layer 109 and the lower magnetic pole layer 
108 are ******att** e d by ion milling by using the up magnetic pole chip 110 as a mask. As 
shown in drawing 16 (b), the structure where some each side attachment walls of an up magnetic 
pole portion (up magnetic pole chip 110), the record gap layer 109, and the lower magnetic pole 
layer 108 were perpendicularly formed in the self-adjustment target is called trim (Trim) 
structure. 

[001 1] Next, the insulating layer 1 1 1 which consists of an alumina film is formed in the whole 
surface at the thickness of about 3 micrometers. Next, it grinds and flattening of this insulating 
layer 1 1 1 is carried out until it reaches the front face of the up magnetic pole chip 110 and a 
magnetic layer 1 1 9. 

[0012] Next, the thin film coil 112 of the 1st layer for the recording heads of an induction type 
which consists of copper (Cu) is formed on the insulating layer 1 1 1 by which flattening was 
carried out. Next, a photoresist layer 113 is formed on an insulating layer 1 1 1 and a coil 1 1 2 at a 
predetermined pattern. Next, in order to make the front face of a photoresist layer 1 13 flat, it 
heat-treats at predetermined temperature. Next, the thin film coil 1 14 of the 2nd layer is formed 
on a photoresist layer 1 13. Next, a photoresist layer 1 15 is formed on a photoresist layer 1 13 
and a coil 1 14 at a predetermined pattern. Next, in order to make the front face of a photoresist 
layer 115 flat, it heat-treats at predetermined temperature. 

[0013] Next, as shown in drawing 1 7 , the up magnetic pole layer 1 16 which consists of a 
magnetic material for recording heads, for example, a permalloy, is formed on the up magnetic 
pole chip 1 10, a photoresist layer 1 13,1 15. and a magnetic layer 1 19. Next, the overcoat layer 
1 17 which consists of an alumina is formed on the up magnetic pole layer 116. Finally, a slider is 
machined, the pneumatic bearing side 1 18 of a recording head and the reproducing head is 
formed, and the thin film magnetic head is completed. 

[0014] In drawing 17 , TH expresses throat height and MR-H expresses MR height. In addition, 
throat height means the length (height) from the edge by the side of a pneumatic bearing side of 
the portion which two magnetic pole layers counter through a record gap layer to the edge of an 
opposite side. Moreover, MR height means the length (height) from the edge by the side of the 
pneumatic bearing side of MR element to the edge of an opposite side. Moreover, in drawing 17 , 
P2W express magnetic pole width of face, i.e., recording track width of face. There is an apex 
angle (Apex Angle) as shown by theta else [, such as throat height and MR height, ] in drawing 
17 as a factor which determines the performance of the thin film magnetic head. This apex angle 
says the angle of the straight line which connects the corner of the side by the side of the 
magnetic pole in the coil portion (henceforth the apex section) which was covered by the 
photoresist layer 1 13,1 15 and rose in the shape of a mountain, and the upper surface of an 
insulating layer 1 1 1 to make. 
[0015] 

[Problem(s) to be Solved by the Invention] In order to raise the performance of the thin film 
magnetic head, it is important to form correctly the throat height TH as shown in drawin g 1 7 , 
MR height MR-H, the apex angle theta, and recording track width-of-face P2W. 
[0016] In order to enable high surface density record especially in recent years (i.e., in order to 
form the recording head of ** truck structure), the submicron size of 1 .0 micrometers or less is 
demanded of width-of-recording-track P2W. Therefore, the technology of processing an up 
magnetic pole into a submicron size using semiconductor processing technology is needed. 
[0017] Here, it poses a problem that it is difficult to form minutely the up magnetic pole layer 
formed on the apex section. 

[0018] By the way, as a method of forming an up magnetic pole layer, as shown in JP,7- 
26251 9,A, the frame galvanizing method is used, for example. When forming an up magnetic pole 
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layer using the frame galvanizing method, on the whole, the thin electrode layer which consists 
of a permalloy is first formed by sputtering on the apex section. Next, on it, a photoresist is 
applied, patterning is carried out according to a photolithography process, and the frame for 
plating (outer frame) is formed. And an up magnetic pole layer is formed by the galvanizing 
method by using as a seed layer the electrode layer formed previously. 
[0019] However, there is the difference of elevation 7-10 micrometers or more in the apex 
section and other portions, for example. On this apex section, a photoresist is applied by the 
thickness of 3-4 micrometers. Supposing the thickness of the photoresist on the apex section is 
at least 3-micrometer or more need, since the photoresist with a fluidity gathers in the lower 
one, in the lower part of the apex section, a photoresist film with a thickness of 8-10 
micrometers or more will be formed, for example. 

[0020] In order to realize recording track width of face of a submicron size as mentioned above, 
it is necessary to form the frame pattern of the width of face of a submicron size with a 
photoresist film. Therefore, you have to form a pattern with a detailed submicron size on the 
apex section with a photoresist film with the thickness of 8-10 micrometers or more. However, it 
was very difficult on the manufacturing process to form the photoresist pattern of such thick 
thickness by ** pattern width of face. 

[0021] And at the time of exposure of a photolithography, the light for exposure reflects by the 
ground electrode layer as a seed layer, a photoresist exposes, collapse of a photoresist pattern 
etc. arises and a sharp and exact photoresist pattern is no longer obtained by this reflected light. 

[0022] Thus, when magnetic pole width of face became a submicron size conventionally, there 
was a trouble that it became difficult to form an up magnetic layer with a sufficient precision. 
[0023] As drawing 15 of the above-mentioned conventional example or the process of drawing 
17 also showed, after forming the width of recording track 1.0 micrometers or less from such a 
thing with the up magnetic pole chip 110 effective in formation of the ** truck of a recording 
head, the method of forming the up magnetic pole layer 1 1 6 used as the yoke portion connected 
with this up magnetic pole chip 1 10 is also adopted (refer to JP,62-245509,A and JP.60- 
1 0409,A). Thus, it becomes possible by dividing the usual up magnetic pole layer into the up 
magnetic pole layer 116 used as the up magnetic pole chip 110 and a yoke portion to form 
minutely the up magnetic pole chip 1 10 which determines the width of recording track by 
submicron width of face on the flat field on the record gap layer 109. 

[0024] However, also in such the thin film magnetic head, there were still the following troubles. 
[0025] (1) First, by the conventional thin film magnetic head shown in drawing 17 , since the 
width of recording track of a recording head is prescribed by the up magnetic pole chip 110, it 
can be said that it is not necessary to process the up magnetic pole layer 116 into about 1 10 up 
magnetic pole chip minutely. Still, if the width of recording track of a recording head is set to 
microscopic **, especially 0.5 micrometers or less, also in the up magnetic pole layer 116, the 
process tolerance of submicron width of face will be required. However, in the conventional thin 
film magnetic head, the up magnetic pole layer 116 was difficult to form the up magnetic pole 
layer 1 1 6 minutely for the above-mentioned reason from being formed on the apex section. 
Moreover, since it needed to connect magnetically to the up magnetic pole chip 1 1 0 with narrow 
width of face, the up magnetic pole layer 116 needed to be formed in width of face larger than 
the up magnetic pole chip 110. From these reasons, the up magnetic pole layer 1 16 is formed in 
width of face larger than the up magnetic pole chip 110 by the conventional thin film magnetic 
head. Therefore, in the conventional thin film magnetic head, writing was performed by the up 
magnetic pole layer 1 1 6 side, and there was fault which originally writes data also in fields other 
than the field which should be recorded that the so-called side light was generated, to a record 
medium. In order that such fault may raise the performance of a recording head, when a coil is 
formed in two-layer or three layers, compared with the case where a coil is formed in one layer, 
the height of the apex section becomes high and it becomes more remarkable. 
[0026] (2) Moreover, in the conventional magnetic head, throat height is determined in the edge 
of a side far from the pneumatic bearing side 1 18 of the up magnetic pole chip 110. However, if 
the width of face of this up magnetic pole chip 110 becomes narrow, in photo lithography, a 
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pattern edge will be roundish and will be formed. Therefore, the throat height of which a highly 
precise size is required became uneven, and the situation where the balance between the width 
of recording track of MR element was missing had occurred in processing of the pneumatic 
bearing side 118, and the polish process. For example, as the width of recording track, when 0.5- 
0.6 micrometers was required, the edge of a side far from the pneumatic bearing side 118 of the 
up magnetic pole chip 1 1 0 shifted from the throat height zero position (position of the edge by 
the side of the pneumatic bearing side of the insulating layer which determines throat height) to 
the pneumatic bearing side 118 side, the record gap opened greatly, and the problem of the 
writing of record data becoming impossible often occurred. 

[0027] Reduction of the width of recording track of a recording head was difficult conventionally 
[ the trouble of the above (1) and (2) to ]. 

[0028] (3) In the further conventional thin film magnetic head, there was a trouble that it was 
difficult to shorten magnetic-path length (Yoke Length). That is, although the recording head 
which could realize the short head of magnetic-path length and was excellent in especially the 
RF property could be formed so that the coil pitch was small, when a coil pitch was made small 
infinite, the distance from a throat height zero position to the periphery edge of a coil had 
become the big factor which bars shortening magnetic-path length. Since magnetic-path length 
can do the two-layer coil short rather than the coil of one layer, he has adopted the two-layer 
coil in the recording head for many RFs. However, by the conventional magnetic head, after 
forming the coil of the 1 st layer, in order to form the insulator layer between coils, the 
photoresist film is formed by the thickness of about 2 micrometers. Therefore, the small apex 
roundish [ wore ] is formed in the periphery edge of the coil of the 1st layer. Next, although the 
coil of a two-layer eye is formed on it, since etching of the seed layer of a coil cannot be 
performed but a coil short-circuits by the ramp of the apex section in that case, it is necessary 
to form the coil of a two-layer eye in a flat part. 

[0029] When follow, for example, thickness of a coil is set to 2-3 micrometers, thickness of the 
insulator layer between coils is set to 2 micrometers and an apex angle is made into 45 degrees 
- 55 degrees, as magnetic-path length Double precision of the 4-5-micrometer distance which is 
the distance of a up to [ from the periphery edge of a coil ] near the throat height zero position 
in addition to the length of the portion corresponding to a coil (4-5 micrometers also of distance 
from the contact section of an up magnetic pole layer and a lower magnetic pole layer to a coil 
inner circumference edge are also required.) 8-10 micrometers is required. Length other than the 
portion corresponding to this coil had become the factor which bars reduction of magnetic-path 
length. 

[0030] Here, the case where the 1 1 -volume coil whose space the line breadth of a coil is 1.0 
micrometers and is 1 .0 micrometers is formed by two-layer is considered. In this case, as shown 
in drawin g 1 7 , when it is made the 1 st layer into six volumes and a two-layer eye is made into 
five volumes, the length of the portion corresponding to the coil 112 of the 1st layer is 11 
micrometers among magnetic-path length. A length of a total of eight -10 micrometers is needed 
for magnetic-path length as a distance to the edge of the photoresist layer 1 13 for insulating the 
coil 1 1 2 of the 1 st layer from the periphery edge and inner circumference edge of a coil 1 1 2 of 
the 1st layer. In addition, as the sign L0 showed magnetic-path length in drawing 1 7 , the length 
of the portion except the magnetic pole portion of the magnetic pole layers and the contact 
portion expresses with this application. Thus, conventionally, reduction of magnetic-path length 
is difficult and this had barred the improvement of a RF property. 

[0031] By the way, in the thin film magnetic head shown in drawing 17 , the coil is wound in the 
shape of a whorl, on the other hand — U.S. Pat. No. 5,703,740, JP.48-55718.A, JP.60-1 13310,A, 
and JP,63-201908,A — a coil — a center [ layer / magnetic pole ] — carrying out — being 
spiral (spiral) — the wound thin film magnetic head is shown Thus, since the magnetomotive 
force generated with the coil can be efficiently told to a magnetic pole layer according to the 
structure which wound the coil spirally, compared with the structure which wound the coil in the 
shape of a whorl, the number of turns of a coil can be lessened, consequently it becomes 
reducible [ magnetic-path length ]. 

[0032] However, since the apex section can do a coil also in the conventional thin film magnetic 
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head of the structure wound spirally in this way, the trouble which still originates in the apex 
section as mentioned above remains. 

[0033] this invention was made in view of this trouble, and the purpose is in offering the thin film 
magnetic head which enabled reduction of the width of recording track of an induction-typ 
MAG sensing element, and reduction of magnetic-path length, and its manufacture method. 
[0034] 

[Means for Solving the Problem] The 1 st and 2nd magnetic layers which consist of at least one 
layer including the magnetic pole portion which the part of the side which the thin film magnetic 
head of this invention is connected magnetically, and counters a record medium counters 
mutually through a record gap layer, respectively, A part passes through between the 1 st and 
2nd magnetic layers in the state where it insulated to the 1 st and 2nd magnetic layers. It has the 
thin film coil spirally wound focusing on one [ at least ] magnetic layer, and the 1 st magnetic 
layer It has the 1st portion which counters some thin film coils, and the 2nd portion which is 
connected to the field by the side of the 2nd magnetic layer in the 1st portion, and forms a 
magnetic pole portion, and some thin film coils are arranged in the side of the 2nd portion of the 
1 st magnetic layer. 

[0035] The 1st and 2nd magnetic layers which consist of at least one layer including the 
magnetic pole portion which the part of the side which the manufacture method of the thin film 
magnetic head of this invention is connected magnetically, and counters a record medium 
counters mutually through a record gap layer, respectively, The process which a part is the 
manufacture method of the thin film magnetic head equipped with the thin film coil which passes 
through between the 1st and 2nd magnetic layers, and forms the 1st magnetic layer in the state 
where it insulated to the 1st and 2nd magnetic layers, In the process which forms a record gap 
layer on the 1 st magnetic layer, the process which forms the 2nd magnetic layer on a record gap 
layer, and the state where it insulated to the 1st and 2nd magnetic layers So that a part may 
pass through between the 1 st and 2nd magnetic layers and it may be spirally wound focusing on 
one [ at least ] magnetic layer The process which forms the 1st magnetic layer including the 
process which forms a thin film coil The process which forms the 1st portion which counters 
some thin film coils, and the 2nd portion which is connected to the field by the side of the 2nd 
magnetic layer in the 1st portion, and forms a magnetic pole portion, and forms a thin film coil A 
thin film coil is formed so that some thin film coils may be arranged in the side of the 2nd portion 
of the 1 st magnetic layer. 

[0036] the thin film magnetic head or its manufacture method of this invention — a thin film coil 
— a part — between the 1st and 2nd magnetic layers — passing — and a center [ magnetic 
layer / one / at least ] / — carrying out — being spiral (spiral) — it is prepared so that it may 
be wound Thereby, reduction of magnetic-path length is attained. Moreover, in this invention, the 
1st magnetic layer has the 1st portion which counters some thin film coils, and the 2nd portion 
which is connected to the field by the side of the 2nd magnetic layer in the 1st portion, and 
forms a magnetic pole portion, and some thin film coils are arranged in the side of the 2nd 
portion of the 1st magnetic layer. This becomes possible to form the 2nd magnetic layer on a flat 
field, consequently reduction of the width of recording track of a recording head is attained. 
[0037] Moreover, by the thin film magnetic head or its manufacture method of this invention, a 
thin film coil has the portion spirally wound focusing on the 2nd magnetic layer. 
[0038] Moreover, by the thin film magnetic head or its manufacture method of this invention, the 
2nd magnetic layer may have the magnetic pole partial layer which forms for example, a magnetic 
pole portion, and the yoke partial layer which is connected to this magnetic pole partial layer, and 
forms a yoke portion. In this case, a thin film coil may pass through the side of the 2nd portion of 
the 1st magnetic layer, and may have the 1st portion spirally wound focusing on the 2nd 
magnetic layer, and the 2nd portion which passed through the side of the magnetic pole partial 
layer of the 2nd magnetic layer, and was spirally wound focusing on the 2nd magnetic layer. Or a 
thin film coil may pass through the side of the 2nd portion of the 1 st magnetic layer, and may 
have the 1st portion spirally wound focusing on the 1st magnetic layer, and the 2nd portion 
which passed through the side of the magnetic pole partial layer of the 2nd magnetic layer, and 
was spirally wound focusing on the 2nd magnetic layer. Moreover, you may arrange the end face 
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of the side which counters the record medium of the yoke partial layer of the 2nd magnetic layer 
in the position distant from the field which counters the record medium of the thin film magnetic 
head. 

[0039] Moreover, by the thin film magnetic head or its manufacture method of this invention, the 
2nd portion of the 1 st magnetic layer specifies throat height, and you may make it the 2nd 
magnetic layer specify recording track width of face by it. 

[0040] Moreover, by the thin film magnetic head or its manufacture method of this invention, 
some thin film coils arranged in the side of the 2nd portion of the 1st magnetic layer may be 
covered further, and the insulating layer to which flattening of the field by the side of a record 
gap layer was carried out may be prepared. 

[0041] Moreover, by the thin film magnetic head or its manufacture method of this invention, it is 
arranged so that a magnetic resistance element and the part of the side which counters a record 
m dium may counter on both sides of a magnetic resistance element further, and you may 
prepare the 1 st for shielding a magnetic resistance element, and the 2nd shield layer. In this 
case, the 1st magnetic layer may serve as the 2nd shield layer. 
[0042] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained 
in detail with reference to a drawing. 

[the gestalt of the 1st operation] — with reference to drawing 1 or drawing 7 , the thin film 
magnetic head concerning the gestalt of operation of the 1 st of this invention and its 
manufacture method are explained first In addition, in drawing 1 or drawin g 6 , (a) shows a cross 
section perpendicular to a pneumatic bearing side, and (b) shows the cross section parallel to 
the pneumatic bearing side of a magnetic pole portion. 

[0043] By the manufacture method of the thin film magnetic head concerning the gestalt of this 
operation, first, as shown in drawing 1 , the insulating layer 2 which consists of an alumina 
(aluminum 203) is deposited by the thickness of about 5 micrometers on the substrate 1 which 
consists of ARUTIKKU (aluminum 203, TiC). Next, the lower shield layer 3 for the reproducing 
heads which consists of a magnetic material, for example, a permalloy, is formed on an insulating 
layer 2 at the thickness of about 3 micrometers. The lower shield layer 3 uses for example, a 
photoresist film as a mask, and forms it alternatively on an insulating layer 2 by the galvanizing 
method. Next, it grinds until it forms in the thickness of 4-6 micrometers the insulating layer 20 
which consists of an alumina, for example, the lower shield layer 3 is exposed to the whole with 
CMP (chemical machinery polish), and flattening processing of the front face is carried out. 
[0044] Next, as shown in drawing 2 , on the lower shield layer 3, the spatter deposition of an 
alumina or the CHITSLHzed aluminum is carried out, and the lower shield gap film 4 as an 
insulating layer is formed. Next, the MR element 5 for reproduction is formed on the lower shield 
gap film 4 at the thickness of dozens of nm. The MR element 5 forms MR film formed by the 
spatter by **********mg alternatively. In addition, the element using the magnetosensitive film 
in which the magnetoresistance effects, such as the AMR element, a GMR element, or a TMR 
(tunnel magnetoresistance effect) element, are shown can be used for the MR element 5. Next, 
the electrode layer 6 of the couple electrically connected to the MR element 5 is formed on the 
lower shield gap film 4 at the thickness of dozens of nm. Next, the up shield gap film 7 as an 
insulating layer is formed on the lower shield gap film 4 and the MR element 5, and the MR 
element 5 is laid underground in the shield gap film 4 and 7. 

[0045] Next, on the up shield gap film 7, it consists of a magnetic material and 1 st partial 8a of 
the lower [ an up shield layer-cum-] magnetic pole layer (it is hereafter described as a lower 
magnetic pole layer.) used to the both sides of the reproducing head and a recording head is 
alternatively formed by the thickness of about 1 .0-2.0 micrometers. 1 st partial 8a of a lower 
magnetic pole layer counters some thin film coils mentioned later. 

[0046] Next, the insulating layer 9 which consists of an alumina is formed in the whole at the 
thickness of about 3-4 micrometers. Next, for example by CMP, an insulating layer 9 is ground 
and flattening processing of the front face is carried out until 1st partial 8a of a lower magnetic 
pole layer is exposed. 

[0047] Next, as shown in d rawin g 3 , the 2nd partial 8b of a lower magnetic pole layer and 3rd 
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partial 8c are formed on 1st partial 8a of a lower magnetic pole layer at the thickness of about 
1.5-2.5 micrometers. 2nd partial 8b forms the magnetic pole portion of a lower magnetic pole 
layer, and is connected to the field by the side of the up magnetic pole layer of 1st partial 8a. 
3rd partial 8c is a portion for connecting 1 st partial 8a and an up magnetic pole layer. In the 
gestalt of this operation, the position of the edge of an opposite side (it sets to drawing and is 
right-hand side) specifies throat height in the pneumatic bearing side 30 of 2nd partial 8b. That 
is, this position turns into a throat height zero position which is a position of the edge of an 
opposite side in the pneumatic bearing side 30 of a magnetic pole portion. 
[0048] The 2nd partial 8b of a lower magnetic pole layer and 3rd partial 8c NiFe (nickel:80 % of 
th weight; Fe:20 % of the weight), NiFe (nickel:45 % of the weight, Fe:55 % of the weight) which is 
high saturation-magnetic-flux-density material are used. It may form in a predetermined pattern 
by the galvanizing method, and using material, such as FeN, FeZrN, etc. which are high 
saturation-magnetic-flux-density material, after a spatter, it **********s alternatively and you 
may form in a predetermined pattern by ion milling etc. In addition, you may use CoFe, Co 
system amorphous material, etc. which are high saturation-magnetic-flux-density material. 
[0049] Next, the insulator layer 10 which consists of an alumina is formed in the whole at the 
thickness of about 0.3-0.6 micrometers. 

[0050] Next, although not illustrated, the seed layer for forming the 1st layer portion of a thin 
film coil by the galvanizing method on an insulator layer 10 is formed by the spatter. Next, on it, 
a photoresist is applied, patterning is carried out according to a photolithography process, and 
th frame 1 1 for plating is formed. 

[0051] Next, 1st layer partial 12a of the thin film coil which consists of copper (Cu) by the frame 
galvanizing method is formed in the thickness of about 1.0-2.0 micrometers using a frame 11. 1st 
layer partial 12a of a thin film coil is arranged in the side of 2nd partial 8b of a lower magnetic 
pole layer. Moreover, 1 st layer partial 1 2a of a thin film coil consists of a portion of the shape of 
two or more square pole prolonged in the direction which intersects the space in drawing 3 (a). 
[0052] Next, as shown in drawin g 4 , after removing a frame 1 1 and the seed layer under it, the 
insulating layer 13 which consists of an alumina is formed in the whole at the thickness of about 
3-4 micrometers. Next, for example by CMP, an insulating layer 13 is ground and flattening 
processing of the front face is carried out until 2nd partial 8b of a lower magnetic pole layer and 
3rd partial 8c are exposed. Although it has not exposed, you may make it 1st layer partial 12a 
expose 1st layer partial 12a of a thin film coil by drawing 4 here. 

[0053] Next, as shown in drawing 5 , the record gap layer 14 which consists of an insulating 
material is formed at the thickness of 0.2-0.3 micrometers on 2nd partial 8b of a lower magnetic 
pole layer, the 3rd partial 8c, and an insulating layer 13. Generally as an insulating material used 
for the record gap layer 14, there are an alumina, alumimium nitride, silicon oxide system 
material, silicon nitride system material, diamond-like carbon (DLC), etc. 

[0054] Next, for magnetic-path formation, on 3rd partial 8c of a lower magnetic pole layer, the 
record gap layer 14 is **********ed partially and a contact hole is formed. 

[0055] Next, the up magnetic pole layer 15 is formed on the record gap layer 14 at the thickness 
of about 2.0-3.0 micrometers. Using NiFe (nickel:80 % of the weight, Fe:20 % of the weight). NiF 
(nickel:45 % of the weight, Fe:55 % of the weight) which is high saturation-magnetic— flux-density 
material, the up magnetic pole layer 1 5 may be formed in a predetermined pattern by the 
galvanizing method, using material, such as FeN, FeZrN, etc. which are high saturation-magnetic- 
flux-density material, ^********s alternatively and may be formed in a predetermined pattern 
by ion milling etc. after a spatter. In addition, you may use CoFe, Co system amorphous material, 
etc. which are high saturation-magnetic-flux-density material. Moreover, it is good also as 
structure which laid the insulator layer of an inorganic system, and magnetic layers, such as a 
permalloy, on top of many layers for the up magnetic pole layer 15 because of an improvement of 
a RF property. 

[0056] Next, the record gap layer 14 is alternatively *^******* e( j by dry etching by using the 
up magnetic pole layer 1 5 as a mask. Reactive ion etching (RIE) which used gas, such as 
chlorine-based gas of BCI2 and CI2 grade and fluorine system gas of CF4 and SF6 grade, is used 
for the dry etching at this time. Next, it considers as trim structure as **********s about about 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi.ejje 



03/08/05 



TVttS 



8/16 v 



0.3-0.6 micrometers alternatively and showed 2nd partial 8b of a lower magnetic pole layer to 
drawing 5 (b), for example by argon ion milling. According to this trim structure, the increase in 
the effective width of recording track by the breadth of the magnetic flux generated at the time 
of the writing of a ** truck can be prevented. 

[0057] Next, the insulator layer 16 which consists of an alumina is formed in the whole at the 
thickness of about 0.3-0.9 micrometers. 

[0058] Next, although not illustrated, in the portion of the both-ends top in the each [ 4] -sided 
prism portion of 1st layer partial 12a of a thin film coil, a contact hole which penetrates an 
insulator layer 16, the record gap layer 14, and an insulating layer 13, and reaches 1st layer 
partial 1 2a of a thin film coil by reactive ion etching or ion milling is formed. 

[0059] Next, 2nd layer partial 12b of the thin film coil which consists of copper (Cu) is formed by 
the frame galvanizing method at the thickness of about 1 .0-2.0 micrometers on the insulator 
layer 16 located on the up magnetic pole layer 15. 2nd layer partial 12b of a thin film coil 
consists of a portion of the shape of two or more square pole prolonged in the direction which 
intersects perpendicularly with the space in drawing 5 (a). The both ends in the each [ 4] -sided 
prism portion of 2nd layer partial 1 2b of this thin film coil are connected to the both ends in th 
each [ 4] -sided prism portion of 1st layer partial 12a of a thin film coil through the connection 
section which it fills up with the material of a thin film coil, and is formed in the above-mentioned 
contact hole. 

[0060] Next, as shown in drawing 6 , the overcoat layer 1 7 which consists of an alumina is 
formed in the thickness of 20-40 micrometers, flattening of the front face is carried out to the 
whole, and the pad for electrodes which is not illustrated is formed on it. Finally, polish 
processing of a slider is performed, the pneumatic bearing side 30 of a recording head and the 
reproducing head is formed, and the thin film magnetic head concerning the gestalt of this 
operation is completed. 

[0061] With the gestalt of this operation, the lower magnetic pole layer which consists of the 1st 
partial 8a, the 2nd partial 8b, and the 3rd partial 8c is equivalent to the 1 st magnetic layer in this 
invention, and the up magnetic pole layer 1 5 is equivalent to the 2nd magnetic layer in this 
invention. Moreover, the lower shield layer 3 is equivalent to the 1st shield layer in this invention. 
Moreover, since the lower magnetic pole layer serves as the up shield layer, it is equivalent also 
to the 2nd shield layer in this invention. 

[0062] Drawing 7 is the plan of the thin film magnetic head concerning the gestalt of this 
operation. In addition, in this drawing, the overcoat layer 17, other insulating layers, and the 
insulator layer are omitted. In addition, in drawing 7 , among drawing, in order that sign 8B may 
consider as trim structure, 2nd partial 8b of a lower magnetic pole layer expresses the portion 
into which it ****tt****s. 

[0063] As shown in drawing 7 , the up magnetic pole layer 15 has yoke partial 15B connected 
with magnetic pole partial 15A while being arranged to the field which counters magnetic pole 
partial 1 5A arranged in the position which counters 2nd partial 8b of a lower magnetic pole layer 
through the record gap layer 14, and 1st layer partial 12a of a thin film coil. The position of the 
connection section of magnetic pole partial 15A and yoke partial 15B is the throat height zero 
position TH0 or the position of the near. Magnetic pole partial 15A has narrow fixed width of 
face. The width of face of this magnetic pole partial 1 5A specifies the width of recording track of 
a recording head. 

[0064] Moreover, in drawing 7 , the sign 12 expresses the thin film coil containing 1st layer 
partial 12a, 2nd layer partial 12b, and connection section 12c that connects these. 1st layer 
partial 12a of the thin film coil 12 and 2nd layer partial 12b are connected with the JIGUZAKU 
form through connection section 12c. Thereby, the thin film coil 12 is spirally wound focusing on 
yoke partial 15B of the up magnetic pole layer 15. 

[0065] As explained above, the thin film magnetic head concerning the form of this operation is 
equipped with the reproducing head and the recording head (induction-type MAG sensing 
element). The reproducing head is arranged so that the MR element 5 and the part of the side 
which counters a record medium may counter on both sides of the MR element 5, and it has the 
lower shield layer 3 and up shield layer (lower magnetic pole layer) for shielding the MR element 



http://www4.ipdl jpo.gojp/cgi-bin/tranj/veb_cgLejje 



03/08/05 



9/16 v 



5. 

[0066] The lower magnetic pole layer (8a-8c) and the up magnetic pole layer 1 5 which consist of 
at least one layer including the magnetic pole portion which the part of the side which a 
recording head is connected magnetically and counters a record medium counters mutually 
through the record gap layer 14, respectively, It has the thin film coil 12 which the part passed 
through between a lower magnetic pole layer and the up magnetic pole layers 15, and was 
spirally wound focusing on the up magnetic pole layer 1 5 in the state where it insulated to these. 

[0067] 1st partial 8a to which a lower magnetic pole layer counters 1st layer partial 12a of a thin 
film coil with the form of this operation, It connects with the field by the side of the up magnetic 
pole layer 15 in this 1st partial 8a, and has 2nd partial 8b which forms a magnetic pole portion, 
and 1st layer partial 12a of the thin film coil 12 is arranged in the side of 2nd partial 8b of a lower 
magnetic pole layer. 

[0068] According to the gestalt of this operation, since the thin film coil 12 was spirally wound 
focusing on the up magnetic pole layer 15, the magnetomotive force generated with the thin film 
coil 12 can be efficiently told to the up magnetic pole layer 15. Therefore, compared with the 
structure which wound the thin film coil in the shape of a whorl, the number of turns of the thin 
film coil 12 can be lessened. 

[0069] Furthermore, with the form of this operation, it is on 1st partial 8a of a lower magnetic 
pole layer, 1st layer partial 12a of the thin film coil 12 is arranged to the side of 2nd partial 8b, 
flattening of the upper surface of the wrap insulating layer 13 is carried out for 1st layer partial 
12a of the thin film coil 12, and the up magnetic pole layer 15 is formed on a flat field. Therefore, 
the both sides of 1st layer partial 12a of the thin film coil 12 and 2nd layer partial 12b can be 
formed on a flat field. Thereby, it becomes possible to form the thin film coil 12 minutely. 
[0070] Furthermore, according to the form of this operation, since the apex section does not 
exist, the edge of the thin film coil 12 can be arranged near the throat height zero position TH0. 
[0071] According to the form of this operation from these things, for example compared with the 
former, it becomes about 30 - 50% or less reducible [ magnetic-path length ]. Furthermore, it can 
prevent that the magnetomotive force generated with the thin film coil 12 is saturated on the 
way, and the magnetomotive force generated with the thin film coil 1 2 can be efficiently used for 
record. Therefore, according to the form of this operation, it becomes possible to offer the thin 
film magnetic head which was excellent in the over-writing property which are the RF property 
of a recording head, a nonlinear transition shift (it is described as NLTS below Non-linear 
Transition Shift;.), and a property in the case of carrying out overwrite. 

[0072] Moreover, since according to the form of this operation it is on 1st partial 8a of a lower 
magnetic pole layer, 1st layer partial 12a of the thin film coil 12 is arranged to the side of 2nd 
partial 8b and flattening of the upper surface of the wrap insulating layer 13 was carried out for 
1st layer partial 12a of the thin film coil 12, the up magnetic pole layer 15 which specifies the 
width of recording track of a recording head can be formed on a flat field. Therefore, according 
to the form of this operation, about magnetic pole partial 15A of the up magnetic pole layer 15, 
formation becomes possible minutely and it also becomes for example, a half micron size and a 
quarter micron size reducible [ the width of recording track of a recording head ]. The thin film 
magnetic head which has by this the field recording density of the 20-30 gigabit / (inch) 2 
demanded from now on also becomes realizable. 

[0073] Moreover, with the form of this operation, the up magnetic pole layer 1 5 which specifies 
the width of recording track of a recording head does not specify throat height, but 2nd partial 
8b of a lower magnetic pole layer specifies throat height with it. Therefore, according to the form 
of this operation, even if the width of recording track becomes small, it becomes possible to be 
accurate and to specify throat height uniformly. 

[0074] Moreover, with the form of this operation, since the wrap insulating layer 13 was formed 
for 1st layer partial 12a of the thin film coil 12 arranged in the side of 2nd partial 8b of a lower 
magnetic pole layer and flattening of the upper surface of this insulating layer 13 was carried out, 
formation of 2nd layer partial 12b of the record gap layer 14 formed after that, the up magnetic 
pole layer 15, and the thin film coil 12 etc. becomes easy. 
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[0075] Moreover, with the form of this operation, since the insulator layer 10 which consists of 
inorganic material from which thin and sufficient isolation voltage is obtained is formed between 
a lower magnetic pole layer and 1st layer partial 12a of the thin film coil 12, big isolation voltage 
can be obtained between a lower magnetic pole layer and 1st layer partial 12a of the thin film 
coil 12. 

[0076] Moreover, in the form of this operation, as shown in drawin g 7 , the up magnetic pole 
layer 15 has fixed width of face of 3 micrometers or more in the portion of an opposite side in 
the pneumatic bearing side 30, for example rather than the throat height zero position TH0 or 
the position of the near, and has width of face with fixed half micron size and quarter micron size 
in the portion by the side of the pneumatic bearing side 30 rather than the throat height zero 
position TH0 or the position of the near. Therefore, the magnetic flux which passes the up 
magnetic pole layer 1 5 is not saturated with the portion of an opposite side in the pneumatic 
bearing side 30 rather than the throat height zero position TH0 or the position of the near, but is 
saturated in the portion by the side of the pneumatic bearing side 30 rather than the throat 
h ight zero position TH0 or the position of the near. Thereby, NLTS and an over-writing property 
can be raised. 

[0077] With reference to [the form of the 2nd operation] next drawing 8 , or drawing 10 , the thin 
film magnetic head concerning the form of operation of the 2nd of this invention and its 
manufacture method are explained. In addition, in drawing 8 and drawing 9 , (a) shows a cross 
section perpendicular to a pneumatic bearing side, and (b) shows the cross section parallel to 
the pneumatic bearing side of a magnetic pole portion. 

[0078] As for the thin film magnetic head concerning the form of this operation, a thin film coil is 
spirally wound doubly focusing on an up magnetic pole layer. With the form of this operation, an 
outside portion is called 1st portion among this thin film coil, and an inside portion is called 2nd 
portion. In addition, the 1st portion and 2nd portion of a thin film coil are formed by each with 
copper. 

[0079] The process which forms an insulator layer 10 by the manufacture method of the thin film 
magnetic head concerning the form of this operation is the same as the form of the 1st 
operation. As shown in draw ing 8 , with the form of this operation, 1st layer partial 21a of the 1st 
portion of a thin film coil is formed by the frame galvanizing method on an insulator layer 10 after 
that at the thickness of about 1.0-2.0 micrometers. 1st layer partial 21a of the 1st portion of a 
thin film coil is arranged in the side of 2nd partial 8b of a lower magnetic pole layer. Moreover, 
1st layer partial 21a of the 1st portion of a thin film coil consists of a portion of the shape of two 
or more square pole prolonged in the direction which intersects the space in drawing 8 (a). 
[0080] Next, the insulating layer 13 which consists of an alumina is formed in the whole at the 
thickness of about 3-4 micrometers. Next, for example by CMP, an insulating layer 13 is ground 
and flattening processing of the front face is carried out until 2nd partial 8b of a lower magnetic 
pole layer and 3rd partial 8c are exposed. Although it has not exposed, you may make it 1 st layer 
partial 21a expose 1st layer partial 21a of the 1st portion of a thin film coil by drawing 8 here. 
[0081] Next, the record gap layer 14 is formed at the thickness of 0.2-0.3 micrometers on 2nd 
partial 8b of a lower magnetic pole layer, the 3rd partial 8c, and an insulating layer 1 3. Next, on 
3rd partial 8c of a lower magnetic pole layer, the record gap layer 14 is *^*^**** e d partially 
and a contact hole is formed. 

[0082] Next, while forming in the thickness of 1.0-3.0 micrometers magnetic pole partial layer 
1 5a which forms the magnetic pole portion of an up magnetic pole layer on the record gap layer 
14, magnetic layer 15b is formed in the position of the contact hole formed on 3rd partial 8c of a 
lower magnetic pole layer at the thickness of 1.0-3.0 micrometers. Magnetic layer 15b is a 
portion for connecting the yoke partial layer of an up magnetic pole layer and lower magnetic 
pole layer which are mentioned later. With the form of this operation, the length of magnetic pole 
partial layer 1 5a of an up magnetic pole layer is formed more than the length of 2nd partial 8b of 
a lower magnetic pole layer. 

[0083] Using NiFe (nickel:80 % of the weight, Fe:20 % of the weight), NiFe (nickel:45 % of the 
weight, Fe:55 % of the weight) which is high saturation-magnetic-flux-density material, magnetic 
pole partial layer 15a and magnetic layer 15b of an up magnetic pole layer may be formed in a 
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predetermined pattern by the galvanizing method, using material, such as FeN, FeZrN, etc. which 
are high saturation-magnetic-flux-density material, ********** alternatively and may be formed 
in a predetermined pattern by ion milling etc. after a spatter. In addition, you may use CoFe, Co 
system amorphous material, etc. which are high saturation-magnetic-flux-density material. 
[0084] Next, it considers as trim structure as **********ed the record gap layer 14 
alternatively by dry etching by using magnetic pol partial layer 1 5a of an up magnetic pole layer 
as a mask, next **********s about about 0.3-0.6 micrometers alternatively and showed 2nd 
partial 8b of a lower magnetic pole layer to drawing 8 (b) for example, by argon ion milling. 
[0085] Next, the insulator layer 22 which consists of an alumina is formed in the coil formation 
field on the record gap layer 14 at the thickness of about 0.3-0.6 micrometers. 
[0086] Next, 1 st layer partial 23a of the 2nd portion of a thin film coil is formed in the thickness 
of about 1.0-2.0 micrometers by the frame galvanizing method. 1st layer partial 23a of the 2nd 
portion of a thin film coil is arranged in the side of magnetic pole partial layer 15a of an up 
magnetic pole layer. Moreover, 1st layer partial 23a of the 2nd portion of a thin film coil consists 
of a portion of the shape of two or more square pole prolonged in the direction which intersects 
the space in drawing 8 (a). 

[0087] Next, the insulating layer 24 which consists of an alumina is formed in the whole at the 
thickness of about 3-4 micrometers. Next, for example by CMP, an insulating layer 24 is ground 
and flattening processing of the front face is carried out until magnetic pole partial layer 1 5a and 
magnetic layer 15b of an up magnetic pole layer are exposed. 

[0088] Next, as shown in drawing 9 , magnetic pole partial layer 15a of an up magnetic pole layer 
and magnetic layer 15b by which flattening was carried out, and yoke partial layer 15c which 
forms the yoke portion of an up magnetic pole layer on an insulating layer 24 are formed in the 
thickness of about 2-4 micrometers. Through magnetic layer 15b, this yoke partial layer 15c 
contacted 3rd partial 8c of a lower magnetic pole layer, and is connected magnetically. Using 
NiFe (nickel:80 % of the weight, Fe:20 % of the weight), NiFe (nickel:45 % of the weight, Fe:55 % of 
the weight) which is high saturation-magnetic-flux-density material, yoke partial layer 15c of an 
up magnetic pole layer may be formed in a predetermined pattern by the galvanizing method, 
using material, such as FeN, FeZrN, etc. which are high saturation-magnetic-flux-density 
material, **********s alternatively and may be formed in a predetermined pattern by ion milling 
etc. after a spatter. In addition, you may use CoFe, Co system amorphous material, etc. which 
are high saturation-magnetic-flux-density material. Moreover, it is good also as structure which 
laid the insulator layer of an inorganic system, and magnetic layers, such as a permalloy, on top 
of many layers for the up magnetic pole layer 15 because of an improvement of a RF property. 
[0089] With the gestalt of this operation, the end face of the side (pneumatic bearing side 30 
side) which counters the record medium of yoke partial layer 1 5c of an up magnetic pole layer is 
arranged in the position (it sets to drawing and is right-hand side) distant from the field which 
counters the record medium of the thin film magnetic head. 

[0090] Next, the insulator layer 25 which consists of an alumina is formed in the whole at the 
thickness of about 0.3-0.9 micrometers. 

[0091] Next, although not illustrated, in the portion of the both-ends top in the each [ 4] -sided 
prism portion of 1st layer partial 23a of the 2nd portion of a thin film coil, a contact hole which 
penetrates an insulator layer 25 and an insulating layer 24, and reaches 1st layer partial 23a of 
the 2nd portion of a thin film coil by reactive ion etching or ion milling is formed. 
[0092] Next, 2nd layer partial 23b of the 2nd portion of a thin film coil is formed by the frame 
galvanizing method at the thickness of about 1 .0-2.0 micrometers on the insulator layer 25 
located on yoke partial layer 15c of an up magnetic pole layer. 2nd layer partial 23b of the 2nd 
portion of a thin film coil consists of a portion of the shape of two or more square pole prolonged 
in the direction which intersects perpendicularly with the space in drawing 9 (a). The both ends 
in the each [ 4] -sided prism portion of 2nd layer partial 23b of the 2nd portion of this thin film 
coil are connected to the both ends in the each [ 4] -sided prism portion of 1st layer partial 23a 
of the 2nd portion of a thin film coil through the connection section which it fills up with the 
material of a thin film coil, and is formed in the above-mentioned contact hole. 
[0093] Next, the insulating layer 26 which consists of an alumina is formed in the thickness of 
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about 6-8 micrometers, and flattening of the front face is carried out to the whole. 
[0094] Next, although not illustrated, in the portion of the both-ends top in the each [ 4] -sided 
prism portion of 1st layer partial 21a of the 1st portion of a thin film coil, a contact hole which 
penetrates an insulator layer 26, an insulator layer 25, the record gap layer 14, and an insulating 
layer 13, and reaches 1st layer partial 21a of the 1st portion of a thin film coil by reactive ion 
etching or ion milling is formed. 

[0095] Next, 2nd layer partial 21b of the 1st portion of a thin film coil is formed by the frame 
galvanizing method on an insulating layer 26 at the thickness of about 1 .0-2.0 micrometers. 2nd 
layer partial 21b of the 1st portion of a thin film coil consists of a portion of the shape of two or 
more square pole prolonged in the direction which intersects perpendicularly with the space in 
drawing 9 (a). The both ends in the each [ 4] -sided prism portion of 2nd layer partial 21b of the 
1st portion of this thin film coil are connected to the both ends in the each [ 4] -sided prism 
portion of 1st layer partial 21a of the 1st portion of a thin film coil through the connection 
section which it fills up with the material of a thin film coil, and is formed in the above-mentioned 
contact hole. 

[0096] Next, the overcoat layer 17 which consists of an alumina is formed in the thickness of 
20-40 micrometers, flattening of the front face is carried out to the whole, and the pad for 
electrodes which is not illustrated is formed on it. Finally, polish processing of a slider is 
performed, the pneumatic bearing side 30 of a recording head and the reproducing head is 
formed, and the thin film magnetic head concerning the gestalt of this operation is completed. 
[0097] With the gestalt of this operation, the up magnetic pole layer which consists of magnetic 
pole partial layer 1 5a, magnetic layer 1 5b, and yoke partial layer 1 5c is equivalent to the 2nd 
magnetic layer in this invention. 

[0098] Drawing 10 is the plan of the thin film magnetic head concerning the gestalt of this 
operation. In this drawing, an overcoat layer, other insulating layers, and the insulator layer are 
omitted. In this drawing, the sign 21 expresses the 1st portion of the thin film coil containing 1st 
layer partial 21a, 2nd layer partial 21b, and connection section 21c that connects these. 
Moreover, the sign 23 expresses the 2nd portion of the thin film coil containing 1 st layer partial 
23a, 2nd layer partial 23b, and connection section 23c that connects these. 1st layer partial 21a 
of the 1st portion 21 of a thin film coil and 2nd layer partial 21b are connected with the 
JIGUZAKU form through connection section 21c. Thereby, the 1st portion 21 of a thin film coil is 
spirally wound focusing on yoke partial layer 15c of an up magnetic pole layer. Similarly, 1st layer 
partial 23a of the 2nd portion 23 of a thin film coil and 2nd layer partial 23b are connected with 
the JIGUZAKU form through connection section 23c. Thereby, the 2nd portion 23 of a thin film 
coil is spirally wound focusing on yoke partial layer 1 5c of an up magnetic pole layer. 
[0099] Moreover, the 1st portion 21 and 2nd portion 23 of a thin film coil are connected by the 
connection section 29. It fills up with the material of a thin film coil, and the connection section 
29 is formed in a contact hole which penetrates an insulator layer 25, the record gap layer 14, 
and an insulating layer 13, and reaches 1st layer partial 21a of the 1st portion 21 of a thin film 
coil. 

[0100] As shown in drawing 9 , 1st layer partial 21a of the 1st portion 21 of a thin film coil 
passes through the side of 2nd partial 8b of a lower magnetic pole layer. Moreover, 1st layer 
partial 23a of the 2nd portion 23 of a thin film coil passes through the side of magnetic pole 
partial layer 15a of an up magnetic pole layer. 

[0101] Since the thin film coils 21 and 23 doubly wound focusing on the up magnetic pole layer 
were formed according to the gestalt of this operation, compared with the gestalt of the 1st 
operation, magnetomotive force of a thin film coil can be enlarged and NLTS and an over-writing 
property can be raised more. 

[0102] Moreover, since according to the gestalt of this operation 1st layer partial 21a of the 1st 
portion 21 of a thin film coil is arranged to the side of 2nd partial 8b of a lower magnetic pole 
layer and flattening of the upper surface of the wrap insulating layer 13 was carried out for this 
1st layer partial 21a, magnetic pole partial layer 15a of an up magnetic pole layer can be formed 
on a flat field. Therefore, according to the gestalt of this operation, about magnetic pole partial 
layer 1 5a, formation becomes possible minutely and it also becomes for example, a half micron 
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size and a quarter micron size reducible [ the width of recording track of a recording head ]. 
[0103] Moreover, although the thin film coils 21 and 23 wound doubly are formed with the gestalt 
of this operation While arranging 1st layer partial 21a of the 1st portion 21 of a thin film coil to 
the side of 2nd partial 8b of a lower magnetic pole layer Since 1st layer partial 23a of the 2nd 
portion 23 of a thin film coil has been arranged to the side of magnetic pole partial layer 15a of 
an up magnetic pole layer, yoke partial layer 15c of an up magnetic pole layer can be formed on a 
flat field. Therefore, according to the gestalt of this operation, formation also of yoke partial layer 
15c is attained minutely, and it becomes possible [ preventing generating of the so-called side 
light ]. 

[0104] Moreover, with the gestalt of this operation, the end face by the side of the pneumatic 
bearing side 30 of yoke partial layer 15c of an up magnetic pole layer is arranged in the position 
distant from the pneumatic bearing side 30 of the thin film magnetic head. Therefore, even when 
throat height is small, yoke partial layer 1 5c of an up magnetic pole layer cannot be exposed to 
the pneumatic bearing side 30. consequently generating of a side light can be prevented. 
[0105] The composition of others in the gestalt of this operation, the operation, and the effect 
are the same as the gestalt of the 1 st operation. 

[0106] With reference to [the gestalt of the 3rd operation] next drawing 1 1 , or drawing 13 , the 
thin film mind head concerning the gestalt of operation of the 3rd of this invention and its 
manufacture method are explained. In addition, in drawing 1 1 and drawing 12 , (a) shows a cross 
section perpendicular to a pneumatic bearing side, and (b) shows the cross section parallel to 
the pneumatic bearing side of a magnetic pole portion. 

[0107] The thin film magnetic head concerning the gestalt of this operation has the 1st portion 
around which the thin film coil was spirally wound focusing on the lower magnetic pole layer, and 
the 2nd portion spirally wound focusing on the up magnetic pole layer. In addition, the 1st portion 
and 2nd portion of a thin film coil are formed by each with copper. 

[0108] The process which forms the lower shield gap film 4, the MR element 5, and the up shield 
gap film 7 by the manufacture method of the thin film magnetic head concerning the gestalt of 
this operation is the same as the gestalt of the 1st operation. As shown in drawing 1 1 , with the 
gestalt of this operation, 8d of magnetic layers which consist of a magnetic material is formed 
after that at the thickness of about 1-2 micrometers on the up shield gap film 7 located on the 
MR element 5. 8d of this magnetic layer makes a part of lower shield layer. Next, for example by 
reactive ion etching or ion milling, while **********ing the shield gap films 4 and 7 in the field 
which forms a thin film coil, about 1-2 micrometers **********s the lower shield layer 3, for 
example, and a crevice is formed. 

[0109] Next, the insulator layer 31 which consists of an alumina is formed in the whole at the 
thickness of about 0.3-0.6 micrometers. Next, 1st layer partial 32a of the 1st portion of a thin 
film coil is formed by the frame galvanizing method on an insulator layer 31 at the thickness of 
about 1.0-2.0 micrometers. 1st layer partial 32a of the 1st portion of a thin film coil consists of a 
portion of the shape of two or more square pole prolonged in the direction which intersects the 
space in drawing 1 1 (a). 

[01 10] Next, the insulating layer 33 which consists of an alumina is formed in the whole at the 
thickness of about 3-4 micrometers. Next, for example by CMP, an insulating layer 33 is ground 
and flattening processing of the front face is carried out until 8d of magnetic layers is exposed. 
[01 1 1] Next, as shown in drawing 12 , 1st partial 8a of a lower magnetic pole layer is alternatively 
formed by the thickness of about 1.0-2.0 micrometers on 8d of magnetic layers, and an insulating 
layer 33. Next, the insulating layer 9 which consists of an alumina is formed in the whole at the 
thickness of about 3-4 micrometers. Next, for example by CMP, an insulating layer 9 is ground 
and flattening processing of the front face is carried out until 1st partial 8a of a lower magnetic 
pole layer is exposed. 

[01 12] Next, the 2nd partial 8b of a lower magnetic pole layer and 3rd partial 8c are formed on 
1st partial 8a of a lower magnetic pole layer at the thickness of about 1.5-2.5 micrometers. Next, 
the insulator layer 10 which consists of an alumina is formed in the whole at the thickness of 
about 0.3-0.6 micrometers. 

[01 13] Next, although not illustrated, in the portion of the both-ends top in the each [ 4] -sided 
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prism portion of 1st layer partial 32a of the 1st portion of a thin film coil, a contact hole which 
penetrates an insulator layer 10 and an insulating layer 33 f and reaches 1st layer partial 32a of 
the 1st portion of a thin film coil by reactive ion etching or ion milling is formed. 
[01 14] Next, 2nd layer partial 32b of the 1st portion of a thin film coil is formed by th frame 
galvanizing method on an insulator layer 10 at the thickness of about 1.0-2.0 micrometers. 2nd 
layer partial 32b of the 1 st portion of a thin film coil is arranged in the side of 2nd partial 8b of a 
lower magnetic pole layer. Moreover, 2nd layer partial 32b of the 1st portion of a thin film coil 
consists of a portion of the shape of two or more square pole prolonged in the direction which 
intersects perpendicularly with the space in drawing 12 (a). The both ends in the each [ 4] -sided 
prism portion of 2nd layer partial 32b of the 1 st portion of this thin film coil are connected to the 
both ends in the each [ 4] -sided prism portion of 1 st layer partial 32a of the 1 st portion of a 
thin film coil through the connection section which it fills up with the material of a thin film coil, 
and is formed in the above-mentioned contact hole. 

[01 15] Next, the insulating layer 13 which consists of an alumina is formed in the whole at the 
thickness of about 3-4 micrometers. Next, for example by CMP, an insulating layer 13 is ground 
and flattening processing of the front face is carried out until 2nd partial 8b of a lower magnetic 
pole layer and 3rd partial 8c are exposed. Although it has not exposed, you may make it 2nd 
layer partial 32b expose 2nd layer partial 32b of the 1st portion of a thin film coil by drawing 1 2 
here. 

[01 16] Next, the record gap layer 14 is formed at the thickness of 0.2-0.3 micrometers on 2nd 
partial 8b of a lower magnetic pole layer, the 3rd partial 8c, and an insulating layer 1 3. Next, on 
3rd partial 8c of a lower magnetic pole layer, the record gap layer 14 is **********ed partially 
and a contact hole is formed. 

[01 17] Next, while forming in the thickness of 1.0-3.0 micrometers magnetic pole partial layer 
1 5a which forms the magnetic pole portion of an up magnetic pole layer on the record gap layer 
14, magnetic layer 15b is formed in the position of the contact hole formed on 3rd partial 8c of a 
lower magnetic pole layer at the thickness of 1.0-3.0 micrometers. 
[01 18] Next, it considers as trim structure as **^****** e d the record gap layer 14 
alternatively by dry etching by using magnetic pole partial layer 1 5a of an up magnetic pole layer 
as a mask, next *******oMc* s about about 0.3-0.6 micrometers alternatively and showed 2nd 
partial 8b of a lower magnetic pole layer to drawing 1 2 (b) for example, by argon ion milling. 
[01 19] Next, the insulator layer 22 which consists of an alumina is formed in the coil formation 
field on the record gap layer 14 at the thickness of about 0.3-0.6 micrometers. Next, 1st layer 
partial 34a of the 2nd portion of a thin film coil is formed in the thickness of about 1.0-2.0 
micrometers by the frame galvanizing method. 1 st layer partial 34a of the 2nd portion of a thin 
film coil is arranged in the side of magnetic pole partial layer 15a of an up magnetic pole layer. 
Moreover, 1 st layer partial 34a of the 2nd portion of a thin film coil consists of a portion of the 
shape of two or more square pole prolonged in the direction which intersects the space in 
drawing 12 (a). 

[0120] Next, the insulating layer 24 which consists of an alumina is formed in the whole at the 
thickness of about 3-4 micrometers. Next, for example by CMP, an insulating layer 24 is ground 
and flattening processing of the front face is carried out until magnetic pole partial layer 15a and 
magnetic layer 15b of an up magnetic pole layer are exposed. 

[0121] Next, magnetic pole partial layer 15a of an up magnetic pole layer and magnetic layer 15b 
by which flattening was carried out, and yoke partial layer 1 5c which forms the yoke portion of 
an up magnetic pole layer on an insulating layer 24 are formed in the thickness of about 2-4 
micrometers. 

[0122] Next, the insulator layer 25 which consists of an alumina is formed in the whole at the 
thickness of about 0.3-0.9 micrometers. 

[0123] Next, although not illustrated, in the portion of the both-ends top in the each [ 4] -sided 
prism portion of 1st layer partial 34a of the 2nd portion of a thin film coil, a contact hole which 
penetrates an insulator layer 25 and an insulating layer 24, and reaches 1 st layer partial 34a of 
the 2nd portion of a thin film coil by reactive ion etching or ion milling is formed. 
[0124] Next, 2nd layer partial 34b of the 2nd portion of a thin film coil is formed by the frame 
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galvanizing method at the thickness of about 1 .0-2.0 micrometers on the insulator layer 25 
located on yoke partial layer 15c of an up magnetic pole layer. 2nd layer partial 34b of the 2nd 
portion of a thin film coil consists of a portion of the shape of two or more square pole prolonged 
in the direction which intersects perpendicularly with the space in drawing 12 (a). The both ends 
in the each [ 4] -sided prism portion of 2nd layer partial 34b of the 2nd portion of this thin film 
coil are connected to the both ends in the each [ 4] -sided prism portion of 1st layer partial 34a 
of the 2nd portion of a thin film coil through the connection section which it fills up with the 
material of a thin film coil, and is formed in the above-mentioned contact hole. 
[0125] Next, the overcoat layer 27 which consists of an alumina is formed in the thickness of 
20-40 micrometers, flattening of the front face is carried out to the whole, and the pad for 
electrodes which is not illustrated is formed on it. Finally, polish processing of a slider is 
performed, the pneumatic bearing side of a recording head and the reproducing head is formed, 
and the thin film magnetic head concerning the gestalt of this operation is completed. 
[0126] Drawing 13 is the plan of the thin film magnetic head concerning the gestalt of this 
operation. In this drawing, an overcoat layer, other insulating layers, and the insulator layer are 
omitted. In this drawing, the sign 32 expresses the 1st portion of the thin film coil containing 1st 
layer partial 32a, 2nd layer partial 32b, and connection section 32c that connects these. In 
addition, in drawing 1 3 , a part of 1 st portion 32 of a thin film coil is omitted. Moreover, the sign 
34 expresses the 2nd portion of the thin film coil containing 1st layer partial 34a, 2nd layer 
partial 34b, and connection section 34c that connects these. 1 st layer partial 32a of the 1 st 
portion 32 of a thin film coil and 2nd layer partial 32b are connected with the JIGUZAKU form 
through connection section 32c. Thereby, the 1st portion 32 of a thin film coil is spirally wound 
focusing on 1st partial 8a of a lower magnetic pole layer. Similarly, 1st layer partial 34a of the 
2nd portion 34 of a thin film coil and 2nd layer partial 34b are connected with the JIGUZAKU 
form through connection section 34c. Thereby, the 2nd portion 34 of a thin film coil is spirally 
wound focusing on yoke partial layer 1 5c of an up magnetic pole layer. 

[0127] Moreover, the 1st portion 32 and 2nd portion 34 of a thin film coil are connected by the 
connection section 39. It fills up with the material of a thin film coil, and the connection section 
39 is formed in a contact hole which penetrates an insulator layer 25, the record gap layer 14, 
and an insulating layer 13, and reaches 2nd layer partial 32b of the 1st portion 32 of a thin film 
coil. 

[0128] As shown in drawing 12 , 2nd layer partial 32b of the 1st portion 32 of a thin film coil 
passes through the side of 2nd partial 8b of a lower magnetic pole layer. Moreover, 1st layer 
partial 34a of the 2nd portion 34 of a thin film coil passes through the side of magnetic pole 
partial layer 15a of an up magnetic pole layer. 

[0129] According to the form of this operation, since a thin film coil has the 1st portion 32 
spirally wound focusing on the lower magnetic pole layer, and the 2nd portion 34 spirally wound 
focusing on the up magnetic pole layer, compared with the form of the 1 st operation, it can 
enlarge magnetomotive force of a thin film coil, and can raise NLTS and an over-writing property 
more. 

[0130] The composition of others in the gestalt of this operation, the operation, and the effect 
are the same as the gestalt of the 1st or the 2nd operation. 

[0131] this invention is not limited to the gestalt of each above-mentioned implementation, but 
various change is possible for it. For example, although the lower magnetic pole layer prescribed 
throat height, you may make it an up magnetic pole layer prescribe throat height with the gestalt 
of each above-mentioned implementation. 

[0132] Moreover, although the gestalt of each above-mentioned implementation explained the 
thin film magnetic head of the structure which read to the base side, formed MR element of 
business, and carried out the laminating of the induction-type MAG sensing element for writing 
on it, you may make this built-up sequence reverse. 

[0133] That is, it may write in a base side, the induction-type MAG sensing element of business 
may be formed, and MR element for reading may be formed on it. Such structure is realizable by 
forming in a base side by using as a lower magnetic pole layer the magnetic film which has the 
function of the up magnetic pole layer shown in the gestalt of the above-mentioned 
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implementation for example, and forming the magnetic film which has the function of the lower 
magnetic pole layer it was indicated to the gestalt of the above-mentioned implementation that 
countered it as an up magnetic pole layer through a record gap film. In this case, it is desirable 
to make the up magnetic pole layer of an induction-type MAG sensing element and the lower 
shield layer of MR element make it serve a double purpose. 

[0134] Moreover, this invention is applicable also to the thin film magnetic head only for the 
records equipped only with the induction-type MAG sensing element, and the thin film magnetic 
head which performs record and reproduction by the induction-type MAG sensing element. 
[0135] 

[Effect of the Invention] As explained above, since a part passes through between the 1st and 
2nd magnetic layers and it is spirally wound focusing on one [ at least ] magnetic layer, as for a 
thin film coil, according to the manufacture method of the thin film magnetic head according to 
claim 1 to 10 or the thin film magnetic head according to claim 1 1 to 20, reduction of the 
magnetic-path length of an induction-type MAG sensing element does so the effect of becoming 
possible. Moreover, the 1st portion to which the 1st magnetic layer counters some thin film coils 
according to this invention, It connects with the field by the side of the 2nd magnetic layer in the 
1st portion, and has the 2nd portion which forms a magnetic pole portion, some thin film coils 
Since it is arranged in the side of the 2nd portion of the 1st magnetic layer, the effect that 
become possible to form the 2nd magnetic layer on a flat field, consequently reduction of the 
width of recording track of an induction-type MAG sensing element is attained is done so. 
[0136] Moreover, according to the manufacture method of the thin film magnetic head according 
to claim 4 or the thin film magnetic head according to claim 14, since a thin film coil is spirally 
wound doubly focusing on the 2nd magnetic layer, the effect of becoming possible further to 
enlarge magnetomotive force of a thin film coil is done so. 

[0137] Moreover, according to the manufacture method of the thin film magnetic head according 
to claim 5 or the thin film magnetic head according to claim 15, the effect of becoming possible 
to enlarge magnetomotive force of a thin film coil further since a thin film coil has the 1st portion 
spirally wound focusing on the 1 st magnetic layer and the 2nd portion spirally wound focusing on 
the 2nd magnetic layer is done so. 

[0138] Moreover, according to the manufacture method of the thin film magnetic head according 
to claim 6 or the thin film magnetic head according to claim 16 The 2nd magnetic layer is 
connected to the magnetic pole partial layer which forms a magnetic pole portion, and this 
magnetic pole partial layer. Since the end face of the side which has the yoke partial layer which 
forms a yoke portion, and counters the record medium of the yoke partial layer of the 2nd 
magnetic layer has been arranged in the position distant from the field which counters the 
record medium of the thin film magnetic head Furthermore, the effect that it can prevent writing 
data also in fields other than the field which should be recorded is done so. 
[0139] Moreover, further, since according to the manufacture method of the thin film magnetic 
head according to claim 7 or the thin film magnetic head according to claim 1 7 the 2nd portion of 
the 1st magnetic layer specifies throat height and the 2nd magnetic layer specified recording 
track width of face, even if the width of recording track becomes small, the effect of becoming 
possible to be accurate and to specify throat height uniformly is done so. 

[0140] Moreover, since the insulating layer to which some thin film coils arranged in the side of 
the 2nd portion of the 1st magnetic layer were covered, and flattening of the field by the side of 
a record gap layer was carried out was prepared according to the thin film magnetic head 
according to claim 8 or the thin film magnetic head according to claim 18, the effect that 
formation of a record gap layer, the 2nd magnetic layer, etc. becomes easy is further done so. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is a cross section for explaining one process in the manufacture method of the 

thin film magnetic head concerning the gestalt of operation of the 1 st of this invention. 

[Drawing 2] It is a cross section for explaining the process following drawing 1 . 

[Drawing 3] It is a cross section for explaining the process following drawing 2 . 

[Drawing 4] It is a cross section for explaining the process following drawing 3 . 

[Drawing 5] It is a cross section for explaining the process following drawing 4 . 

[Drawing 6] It is a cross section for explaining the process following drawing 5 . 

[Drawing 7] It is the plan of the thin film magnetic head concerning the gestalt of operation of 

the 1st of this invention. 

[Drawing 8] It is a cross section for explaining one process in the manufacture method of the 
thin film magnetic head concerning the gestalt of operation of the 2nd of this invention. 
[Drawing 9] It is the cross section of the thin film magnetic head concerning the gestalt of 
operation of the 2nd of this invention. 

[Drawing 10] It is the plan of the thin film magnetic head concerning the gestalt of operation of 
the 2nd of this invention. 

[Drawing 1 1] It is a cross section for explaining one process in the manufacture method of the 
thin film magnetic head concerning the gestalt of operation of the 3rd of this invention. 
[Drawing 12] It is the cross section of the thin film magnetic head concerning the gestalt of 
operation of the 3rd of this invention. 

[Drawing 13] It is the plan of the thin film magnetic head concerning the gestalt of operation of 
the 3rd of this invention. 

[Drawing 14] It is a cross section for explaining one process in the manufacture method of the 
conventional thin film magnetic head. 

[Drawin g 15] It is a cross section for explaining the process following drawin g 14 . 
[Drawin g 16] It is a cross section for explaining the process following drawin g 15 . 
[Drawing 17] It is a cross section for explaining the process following drawing 16 . 
[Description of Notations] 

1 [ — A lower shield layer 5 / — MR element, 8a / — The 1st portion of a lower magnetic pole 
layer,, 8b / — The 2nd portion of a lower magnetic pole layer,, 10 / — An insulator layer, 12a / 
— The 1 st layer portion of a thin film coil,, 1 2b / — The 2nd layer portion of a thin film coil,, 
13/ — An insulating layer, 14 / — A record gap layer, 15 ] — A substrate, 2 — An insulating 
layer, 
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